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Morgan, Philip A. Ph.D., December 2001 Forestry
Estimates o f Nonpoint Source Pollution to Watersheds in Belize Using the AGNPS 
Model
There are serious pressures on developing countries to convert forest resources to 
agriculture that could have significant impacts on watershed hydrology. Simulations of 
rainstorm events using AGNPS (Agricultural NonPoint Source) for the Double Rim 
subwatershed and the North Stann Creek watershed show significant risk of high nitrogen 
(N) and sediment loads to Belize’s marine environment Excessive N and sediment loads 
may adversely affect marine ecosystems and eventually imperil the largest barrier reef in 
the western hemisphere. Field sampling show annual N loads from the Double Run 
subwatershed of approximately 4.96 x 107 kg. Empirical relationship between [N] in the 
river and depth of rainstorm events had an R squared of 0.94. This correlation provides a 
reliable, cost-effective estimate o f [N] in the river based on easily available precipitation
AGNPS predictions o f [N] in runoff for specific rainstorms are much lower than 
experimentally determined values. Reasons for this are: AGNPS apportion nitrogen both 
in the sediment phase and in runoff, assumptions made for calculating [N] in runoff based 
on [N] in the river, and the large cell size used for the simulation. However, AGNPS 
provides reliable predictions for storms of depths between 10 mm and 51 mm (R2 is
AGNPS users must consider the following limitations of the model; large data 
requirements, nutrient concentration is apportioned in runoff and adsorbed to sediment, 
and subsurface flow is not used in stormflow generation. However, AGNPS can be a 
very effective watershed management tool if used along with extensive field work.
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1 INTRODUCTION
Nonpoint source pollution resulting from agrochemical use is a significant 
problem for Belize and other Central American countries. Belize is situated on the east 
coast of Central America. Mexico borders it on the north, Guatemala on the west and 
south, and on the east is the Caribbean Sea. Belize has a total area o f22,973 Km2 and a 
population of about 230,000 (Figure 1.1). Like most countries in Central America, the 
economy of Belize is primarily based on agriculture.
There are significant pressures on developing nations to convert their forest 
resources to agriculture or pasture. Such changes in land use within watersheds will have 
significant impacts on water yield, runoff volume, peak flow, sediment and nutrient 
loading to stream reaches (Brooks et al.,1994 ). There is a high potential for groundwater 
and surface water contamination in the agricultural watersheds of Belize, and other 
Central American countries. Pesticides and fertilizers are used in large quantities to 
increase rice, citrus, banana and sugar cane yields (Cayo and Belize Districts annual 
reports, 1995-96). Soils are generally low in organic matter content, so that agricultural 
chemicals do not adsorb strongly and are easily leached into the saturated zone or 
transported by runoff to rivers or streams (Nicolait et al., 1984). Annual rainfall is high, 
ranging from 134.7 cm in the north to 456.2 cm in the southern part of the country. This 
increases the potential for transport of agricultural chemicals, nutrients and sediment into 
groundwater aquifers and surface water bodies through runoff and erosion. Finally, the 
geological strata consist primarily of porous limestone, which does not act as a barrier to 
the movement of contaminated groundwater. Watershed management practices have
1
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direct impacts on runoff, peak flow, nutrient and sediment loads to stream reaches.
The Belize River is the primary source of drinking water for Belize City, the 
largest population center in the country. The North Stann Creek River is the primary 
source of potable water for residents o f Dangriga Town and the Stann Creek Valley. 
Increasing forest conversion to agriculture or pasture is widespread in both watersheds 
which in conjunction with the absence of adequate testing of portable water could result 
in health problems for residents within the North Stann Creek and Belize River 
watersheds. Increased nutrient, and sediment loads to stream reaches may adversely 
affect the potential use of the water for drinking and recreation. This may also have 
negative impacts on coastal ecosystems such as mangroves and sea grass bed and 
ultimately the barrier reef (Figures 1.2 -1.5).
The research area consists of a subwatershed within the Belize river watershed, 
Double Run. The Double Rim subwatershed is located on the north eastern section of the 
Belize River watershed in geographic regions described as the northern and central 
coastal plains. It has an area of approximately 100 km2 and consists of various land uses. 
These include pasture, agriculture, forest and inhabited areas.
The North Stann Creek watershed is located between longitude 88°36’-88°13 and 
latitude 17°04 -16°54 . The headwaters emanate from steep hills of ancient igneous rocks 
and metasediments, ranging in elevation between 400 and 900 m. While the coastal 
plain, consisting of carbonates and young sediments, have slopes of less than 1 degree 
(NARMP, 1995).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
STANN CREEK
Figure 1.1: Map of Belize showing the location of the Belize river subwatershed and the 
North Stann Creek watershed (Taken from the Atlas of Belize).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
The watershed has an estimated area of 281.4 km2 with agriculture, forestry and 
residential areas being the principal land uses.
North Stann Creek Watershed 
land Use
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Figure 1.2: Land use within the North Stann Creek Watershed.
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Figure 1.3: Three major slope classes within the North Stann Creek Watershed.
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Figure 1.4: Soil texture within the North Stann Creek Watershed.
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Figure 1.5: Soil texture and marshland within the Double Run subwatershed.
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Data collected in 1995 show that an estimated 75 km2 of the watershed was used for 
agricultural activities, 3 km2 for urban development, and the remaining 203 km2 was 
forest (NARMP, 1995). The past five years have shown a continuous increase in forest 
conversion to agriculture especially in the North Stann Creek Watershed.
The North Stann Creek River is the primary source of potable water for 
approximately 18,000 residents in the Stann Creek Valley area and Dangriga Town 
(Sector Assessment Water Supply and Sanitation, Belize 1995). The watershed also has 
the most productive citrus orchards and the only two citrus processing plants in Belize. 
Watershed management of this area must carefully combine the economics of expanding 
cultivation and processing of citrus with the needs of residents to have potable water. 
Occasionally after huge rainstorm events, it has been alleged that the overflow of 
containment ponds from the processing plants has caused serious pollution of the river 
resulting in foul odors, fish kills and rendering the water unsuitable for drinking 
(Personal communication with WASA Official in Dangriga). Tests by water analysts 
from WASA (Water and Sewerage Authority) show that on these occasions the water 
becomes very acidic (Personal communication with WASA Official in Dangriga). 
Although activity at the processing plants is probably not the only cause of this problem, 
the containment ponds are likely point sources and may be major contributors. Nonpoint 
source pollution of the river from agrochemicals dissolved in runoff or adsorbed to 
sediment may be an even more significant issue than the overflow of containment ponds. 
This is because the long term exposure to low levels of pollutants can result in serious 
health problems for consumers of the water and the coastal ecosystem (Heyman and
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Kjerfve, 1999). It is therefore very important that the nutrient and sediment loads to the 
conveyance network be assessed since the potential implications to water quality and 
productivity of mangroves, sea grass, and the coral reef within the receiving coastal 
embayment, is crucial to the survival of residents and the coastal ecosystem (Heyman 
and Kjerfve, 1999). Throughout the Central American coast, nonpoint sources of 
pollution aggravated by increased agricultural activity, is of significant environmental 
concern. It presents a serious treat to the productivity of coastal ecosystems and 
consequently to the economic viability of the region. Deterioration of water quality 
directly affects fishing and ecotourism which are crucial for the survival of coastal 
communities o f this area.
Nutrient transport in runoff is primarily dependent on the physical and chemical 
properties of the specific agricultural chemical (Cohen et al.,1984). Sediment transport 
in runoff is dependent on sediment size, runoff volume and velocity (Brooks et al.,1994). 
Important physico-chemical properties of these agro-chemicals include water solubility, 
soil adsorption potential, and resistance to hydrolytic, photolytic and microbial 
degradation (Somasundanun et al., 1991; McEwen and Stephenson 1979).
Computer models have been used as inexpensive means of analyzing watershed 
management practices and hydrologic response. These models integrate equations that 
govern the physical and chemical processes that occur in nature. However, equations 
cannot accurately describe natural processes and many assumptions are made in deriving 
governing equations (Narasimhan, 1995). Models generally require a great deal of data 
and many require parameters that cannot be precisely exactly. The use of estimated
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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parameters limits the potential accuracy of models (Hughes, 1994). Narasimhan (1995) 
suggests that hydrologic models should not be used as a substitute for field experiments, 
but should be used in conjunction with field work.
Models fall into two principal categories, deterministic and stochastic. A 
deterministic model presumes that the physical and chemical principles operating within 
a system can be accurately defined and if initial conditions are known, there is a single 
outcome of these mechanistic processes (Addiscott and Wagenet, 1985). A stochastic 
model however, presumes that the outcome of interacting processes cannot be accurately 
known and results can only be described by reasonable levels of statistical probabilities 
(James, 1984; Addiscott and Wagenet, 1985). Analytical solutions to governing 
equations can be obtained only for models that are described by simple geometry or 
homogeneous and isotropic conditions. Numerical solutions can be obtained for more 
complex governing equations but these require more data (James, 1984).
Individuals who develop these models make many assumptions that the user may 
not be aware of and this could lead to an inappropriate application of the model. This 
would result in the model generating meaningless data. Hydrology models for example, 
use friction laws to represent the effect of surface roughness on runoff. The 
development of these laws is based on the assumption of uniform flow in a straight 
channel; with depth, cross-sectional area and velocity remaining constant (James, 1984). 
Empirically derived coefficients are then inserted in an attempt to account for natural 
conditions (e.g., Manning’s equation, Appendix 1). Many researchers are very skeptical 
of the utility of models of this type and are even more troubled by their general misuse
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
(Narasimhan, 1995; Philip, 1991). The current trend in watershed research is to use GIS 
databases as the input to hydrologic models. However, Loague, et al. (1998) suggested 
that a primary limitation in assessing non-point source pollution is the sparse 
measurement of spatial soil data. Therefore, extreme caution must be taken when using 
GIS data linked with non-point source models. In addition watershed management 
decisions cannot be made without field verifications.
Mechanistic models are severely limited by the extent to which governing 
equations can capture the dynamic processes operating in an ecosystem. For example, 
flow in the vadose zone is dependent on gravity and the moisture potential of soil and 
soil porosity (Fetter, 1994; Narasimhan, 1995). Unsaturated hydraulic conductivity of 
the soil varies both spatially and temporally but most models use a constant value for 
soil conductivity. Proper representation of leaching in the vadose zone should account 
for the decrease in unsaturated hydraulic conductivity as soil-water attraction increases 
with decreasing moisture content (Fetter, 1994). The porosity of soils may also change 
because of changes in compaction and sorting (Fetter, 1994). Natural resource models 
generally use Richard's equation to describe flow in the unsaturated zone. Implicit 
assumptions are isothermal flow and constant fluid density (Narasimhan, 1995; Rauls et 
al., 1992).
The first steps in modeling are the identification of physical, chemical and 
biological principles governing the system. These laws are then captured in 
mathematical equations which are solved by analytical or numerical methods. Models 
only give approximate solutions to differential equations and the finer the discretization,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
the better the solution (James, 1984).
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1.1 Research Objectives
One objective o f this study is to investigate the hydrological effects of increases 
in citrus cultivation in the North Stann Creek watershed. The research attempts to assess 
the impacts of alterations in land use pattern before and after 1985, on runoff volume, 
peak discharge rates, increases in sediment, and nutrient loads. These questions were 
addressed through a field survey and the use of hydrologic models.
The AGNPS (Agricultural Nonpoint Source Pollution) model was used to 
estimate nutrient and sediment loading to the North Stann Creek river and the Double 
Run subwatershed. The impacts of forest conversion to pasture, milpa and mechanized 
agriculture were simulated. In addition, the impacts of various management scenarios on 
runoff volume, peak discharge, and the concentration of sediments and nutrients at 
specific stream reaches in the subbasin was simulated. Investigations will also be 
conducted to assess empirical relationships between depth of precipitation and nitrogen 
concentration in the Belize river. The specific hypotheses are as follows:
1) Conversion o f forest to pasture, milpa or mechanized agriculture significantly 
increases nutrient loading to stream reaches, sediment loading, runoff volume, and peak 
discharge rate within a watershed.
2) Delineation o f hydrologic response units significantly affects hydrologic modeling o f 
runoff volume, peakflaw, nutrient and sediment loads within watersheds.
3) The cumulative nonpoint source nutrient and sediment loads fo r rainstorms o f 
magnitude less than 20 mm is much greater than that ofrainstorms o f magnitude greater 
than 20 mm.
4) The SCS curve number approach fo r runoff estimation coupled with an empirical 
mass balance approach can effectively be used to estimate nonpoint source nutrient 
concentrations in runoff
5) There is a site specific mathematical relationship between amount o f rainfall and
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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nitrogen concentration in receiving stream reaches.
Hypothesis 1
The Ministry of Agriculture estimates that Belize has 851,160 acres of arable 
land of which only 15% is currently cultivated (General information from Department of 
Agriculture). Agriculture is the most important sector of the national economy and 
provides basic foodstuffs, and employment for more than 30% of the labor force 
(General information from the Department of Agriculture). However, sustainability of 
the agriculture sector of Belize requires implementation of environmentally sound 
agricultural practices and technological advances acquired through relevant research. 
Current agricultural practices that transform tropical forest into monocultural agricultural 
systems through huge capital investments must be avoided. Instead, we must maximize 
potential opportunities offered by the inherent diversity of the rainforest ecosystem.
Large scale agriculture (citrus and banana) has accelerated the rate of deforestation in 
Belize.
In its most general sense, deforestation is the conversion of natural forest to other 
uses such as; extractive tree planting, livestock ranching, or mining (Bruijnzeel, 1991). 
The conversion of natural forest into citrus, sugar cane, and banana is widespread in 
Belize as well as other tropical countries. The effects of deforestation on watershed 
hydrology and the physical characteristics of soils in tropical climates require more 
detailed investigation. While changes in the physico-chemical properties of soils 
because of exposure to direct sunlight following forest cover removal is obvious, 
decrease in species diversity is much more subtle. Forest cover removal has been linked
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
15
to extreme changes in surface water bodies and implicated in flooding as well as 
droughts (Bruijnzeel, 1991). However, one must be careful to relate the findings of 
specific studies to all tropical watersheds. The response of watersheds to a particular 
treatment is primarily dependent on specific pretreatment and posttreatment conditions.
Theory suggests that conversion of forest to other land uses will increase runoff 
volume, maximum discharge rate, nutrient loads and sediment loads to receiving stream 
reaches. This is primarily because transpiration is a key component of water loss from 
watersheds. Conversion of forest to pasture should decrease transpiration as trees are 
removed and substituted with grass or bare soil. Soil compaction by farm animals will 
increase the bulk density, decrease porosity, infiltration capacity and therefore increase 
runoff. Sediment yield should also be increased as vegetation cover removal should 
increase the erosivity of precipitation. Maimer (1990) found that the decrease in soil 
hydraulic conductivity as a result of deforestation leads to overland flow, soil erosion 
and nutrient loss. He suggested that soil compaction also reduces root penetrability and 
as a result make it more difficult for plant communities to reestablish themselves in 
these compacted soils. Soil erosion increases because of the restricted flowpaths after 
compaction, which increase the volume and velocity of overland flow.
Plamondan (1991), found that the replacement of natural forest with pasture and 
crops decreased organic matter, nitrogen, phosphorus-and potassium content of the soil. 
This is probably because of the increase in microbial degradation of plant residues with 
increase in soil temperature. Organic matter, clay and humic substances containing 
nitrogen, phosphorus and potassium are decomposed into more soluble forms which are
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subsequently leached deep into the soil profile. This will decrease the fertility of soils 
and delay or prevent the reestablishment of vegetation. The lost of organic matter will 
increase the availability of trace metals because humic substances are responsible for the 
formation of insoluble oiganometallic complexes (Plamondan, 1991). These complexes 
are generally insoluble and therefore unavailable for plant uptake. Since high 
concentrations of trace metals may be phytotoxic, decreases in organic matter will 
increase trace metal toxicity to plants.
In general, the effects of tropical forest conversion include the following: 
increase sediment loads through surface erosion, increase in runoff volume as the 
infiltration capacity of soil and evapotranspiration decrease, and increase in nutrient 
loads. Other potential consequences are, unequal distribution of rains (longer more 
severe dry season), flash flooding of rivers especially at the beginning of the rainy 
season, lower river levels in dry season, higher air and soil temperature, increase in 
carbon dioxide content of atmosphere by oxidation of dead organic matter, and reduction 
of species diversity (Bruijnzeel, 1991).
This study will assess the impacts of forest conversion to pasture, milpa or 
mechanized agriculture under the specific environmental conditions and at the scales 
experienced in Belize.
Hypothesis 2
A substantial amount o f work has been done to determine the effect of 
delineation of hydrologic response units within watersheds on the simulation of runoff 
by hydrologic models (Ulrike, 1999). Some researchers believe that there is no
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significant difference in model predictions if  average parameters are used for large 
subbasins as opposed to finer discretization of watersheds. Manguerra et al.(1998) 
suggest that the size of hydrologic response units will not significantly affect simulation 
results if  the degree of spatial variability within the watershed is not large. This 
indicates that if  spatial variability of significant parameters within a watershed can de 
quantified, this would minimize the work researchers are currently required to do in 
parameterizing watersheds without significantly compromising the accuracy of the 
simulations. Variability has been determined as any unique combination of land use and 
soil types. Unique curve numbers have also been used as an indication of spatial 
variability. This hypothesis was tested using three treatments: averaging the CN for a 
block of cells and using that single average for subbasins within the watershed 
(composite approach); using the individual CN values for each cell (distributed 
approach), and randomizing the location of cells within the watershed. The first scenario 
represents single virtual subbasins to capture the hydrologic response of the watershed.
The second scenario represents finer discretization of the watershed into several 
homogeneous cells. The third treatment assessed the importance of flow path and 
geographic location of hydrologic response units on watershed hydrology, sediment 
loading and nutrient loading. Grove et al.(1998) investigated a composite and a 
distributed approach to CN determination and found that generally the distributed 
approach always yields more runoff especially as watershed variability increase. They 
also found that high precipitation magnitudes decreased the difference in simulation 
results between the two approaches (Grove et al.,1998). Most hydrologists believe that
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runoff is dependent on rainfall characteristics, soil type, vegetation, antecedent moisture 
conditions and land use (Brooks et al., 1994). These factors are generally averaged on a 
large scale and this averaging serves as a serious limitation to the potential accuracy of 
any discretization scheme. For example, it is financially or practically prohibitive to 
know soil parameters such as bulk density, and porosity (infiltration capacity) at a small 
scale for entire watersheds. Therefore, these parameters are averaged to determine 
homogeneous, hydrologic response units of optimal size. This spatial averaging is what 
induces errors into modeling analysis and it has been shown that the magnitude of this 
error is not significantly affected at larger scales (Manguerra and Engel, 1998). 
Researchers have also demonstrated that there is only a small increase in accuracy as 
smaller and smaller grid sizes are used. They have shown that as the degree of 
variability within watersheds decrease, so do the errors induced by spatial averaging of 
large hydrologic response units (Manguerra and Engel, 1998). This suggests that there 
may be an optimal size for delineating hydrologic response units within specific 
watersheds which would give the most accurate results with the collection of data at the 
largest scale. The assumption of homogeneity of watershed parameters will always 
induce errors in subsequent analysis. However, research at the watershed scale 
necessitates that such generalizations be made.
Hypothesis 3
Climatic data for the Belize river subwatershed indicate that more than 80% of 
the annual rainstorms are of magnitudes less than 20 mm (Data from the Hydrology 
Department). Although more intense storms are generally more erosive, the timing and
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the frequency o f these low intensity storms, make it plausible that they may account for 
the larger proportion of sediment and nutrient loads to stream reaches within these 
subwatersheds. This is because sediments and nutrients are carried to the drainage 
network through runoff and the data suggest that a greater proportion of the annual 
runoff is generated by storms of 20 mm or less.
Low intensity storms occur during the dry months when soil has a high 
infiltration capacity but once saturation occurs soil particles are loose enough to be 
entrained and transported to stream reaches. Nutrients are extracted from soil based 
primarily on their solubility in water and the residence time of water on land. High 
intensity storms saturate the soil quickly as soil infiltration capacity and percolation rates 
are exceeded by the rainfall intensity. This could result in the generation of runoff at a 
rate that does not allow enough time for saturation with either nutrients or sediment 
(Hill, 1993). Therefore it is expected that these high intensity storms would 
comparatively carry less nutrients to receiving water reaches.
Hypothesis 4
Theory suggests that large precipitation events will increase nutrient and 
sediment loads to the river although concentration of nutrients and sediments should 
decrease. Therefore nonpoint source nutrient loading can be assessed using the curve 
number method of estimating runoff coupled with empirical mass balancing of nutrients 
in stormflow.
It is very difficult to obtain the concentration of solutes in storm runoff because 
water chemistry is affected by residence time in soil environment, and flow path geology
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(Hill, 1993). This has been largely neglected in the investigations of runoff chemistry at 
the watershed scale. In laboratory studies or small field simulations, runoff plots are 
used to determine the chemistry of runoff (Douglas, 1998). Willis, et al. (1997) in an 
investigation of nitrate losses in runoff and subsurface drain effluent, used controlled 
water table plots on 160.21 ha plots. Devine, et al. (1998) studied runoff and erosion 
from a mosaic tobosagrass and burrograss community by using paired steel, square plot 
0.84 square meters. In a similar study Davis, and Burgoa (1995) looked at runoff and 
leaching of crop nutrients from soil in tilted beds.
At the watershed scale most researchers collect samples for nutrient analysis 
directly from the stream or river (Rode and Frede ,1997; Mostaghimi, et al. 1997; EPA- 
600/2-76-116, 1976; and Lenzi, 1997). However, the concentration of nutrient 
determined by this method does not reflect concentration in runoff since water in the 
river is diluted by baseflow. This study proposes an empirical mass balance approach to 
determine nutrient concentration in rainstorm runoff.
Nutrient and sediment concentration in rivers is affected by the dilution of 
overland flow by baseflow. In an investigation of the variations in natural chemical 
concentration of river water during flood flows, this trend was observed (Walling and 
Foster, 1975). However, it was also observed that nitrate and potassium concentrations 
generally increase during flooding (Walling and Foster, 1975). The “flushing effect” 
may account for an initial flush or increase of accumulated solutes into a receiving reach 
by the early phase of storm runoff (Walling and Foster, 1975). It has been proposed that 
an increase in groundwater discharge during runoff is related to a rapid rise in hydraulic
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head along the perimeter of transient and perennial discharge areas (Sklash, et al., 1979). 
This, “ridging phenomenon,” is said to be the result of conversion of shallow-capillary 
fringe to phreatic water (Sklash, et al., 1979). Johnson and East (1982) suggested that 
the concentration gradient for tke three major components of stormflow is shallow 
concentrated flow (interflow), saturated overland flow, and baseflow. He proposed that 
the product of total reach discharge and concentration is equal to the sum of 
concentrations and discharges of the above three components. The relative significance 
of each component is dependent on site specific geochemical conditions. Bozemore et 
al. (1994) found that pre-event soil water contributed 25-36% to stormflow and 
dominated peak flow by 50-65% depending on the magnitude of events. Pionke et al.
(1988) reported that nitrate concentration in soil water and baseflow was similar and 
exceeded concentrations in surface runoff, rainfall and peak storm flow by 5-20 times. 
Evans and Davies, (1998) proposed a three component model to help describe the 
interaction solute concentration in a stream with total discharge. The three components 
affecting concentration of solute in streams were identified as precipitation, stored 
subsurface water, and water from the soil zone. Subsurface water is considered of 
uniform chemical/isotopic composition (Evans and Davies, 1998). It can be assumed, 
therefore, that changes in the concentration of nutrients in a  river will be due to runoff 
and shallow concentrated flow. Tracer studies suggest that pre-event water (stored in 
soil) usually dominate storm discharge (Sklash and Farvolden, 1979/1986).
Hill (1993) investigated nitrogen dynamics of storm runoff in the riparian zone of 
a forested watershed. He separated storm runoff into event and pre-event components
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
22
and found that nitrate and ammonium nitrogen in the initial 3-4 mm of throughfall were 
10-20 times and 20-100 times higher respectively, than stream baseflow concentrations. 
The various paths of stormflow include subsurface flow, partial-area overland flow, and 
saturated overland flow (Hill, 1993).
Hypothesis 5
Nutrient concentration in stream reaches is dependent on concentrations in 
baseflow and concentration in runoff. The concentration of nutrients in baseflow is 
constant as this is simply dependent on the nature of the soil properties in the watershed 
and the geologic formation (Evans and Davies, 1998). As the chemical composition of 
these remain constant, so does the nutrient composition in baseflow. Concentration of 
nutrients in runoff is dependent on the magnitude and timing of rainstorm events as well 
as concentration of nutrients in rainwater. However, the most important factor 
determining the total amount of nutrient in runoff is the magnitude of the specific 
rainstorm. All other factors considered constant, the greater the magnitude of a 
rainstorm event, the greater the concentration of nutrients in runoff. If the relationship 
between rainstorm magnitude and concentration of soluble nutrients in stream reaches 
can be established it would allow researchers to estimate the concentration of nutrients 
in streams based on the magnitude of rainstorms without actually conducting chemical 
analysis. This site specific relationship would reduce the need for frequent sample 
collection and therefore the cost of nutrient analysis. However, changes in land-use or 
stream flow dynamics would require a reassessment of the relationship between storm 
magnitude and nutrient concentration.
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1.2 Fate of Agrochemicals in Soil
Fertilizers and pesticides are applied to soil by fanners to maintain its fertility. 
However, application of these chemicals may be problematic because of the potential for 
transport to groundwater and stream reaches. After application to soil, agricultural 
chemicals may be dissipated through various means such as: photo-decomposition, 
microbial degradation, volatilization, chemical decomposition, and biological uptake 
(McEwen et al., 1979). They may also be lost from the soil surface by means of runoff 
or leaching.
The potential for transport of agricultural chemicals through runoff is primarily 
dependent on water solubility, rainfall rate and intensity. Nitrate solubility results in 
leaching to groundwater aquifers and subsequently to surface water bodies through 
baseflow. Transport of agricultural chemicals is dependent on the physical and chemical 
properties of the compound, the field conditions, and meteorological factors (Pepper et 
al., 1996; Cohen et al., 1984). Water solubility, vapor pressure, persistence in soil, and 
organic carbon partition coefficient are among the most important determinants of 
chemical transport (Pepper et al., 1996; Cohen et al., 1984; Somasundaram et al., 1991). 
Field conditions such as; soil type, organic matter content, moisture content, pH, nature 
of aquifer, and depth to water table, are significant determinants of chemical mobility 
(Cohen et al., 1984; Somasundaram et al., 1991; McEwen and Stephenson, 1979; Bowen 
and Sans, 1979). Equally important are meteorological factors such as rainfall, and 
temperature.
Soil water movement is affected by hydraulic conductivity, transmisivity and
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storativity (Rawls et al., 1992). These properties are related to, 1) particle size (clay 
<0.002mm, silt <0.04mm, sand >0.04mm), 2) morphological properties (bulk density, 
organic matter, clay type which relates to structure and surface area), and 3) water 
retention (total potential = gravitational potential + matric potential + osmotic potential 
+ other potentials) Rawls et al., (1992).
1.2.1 Solubility o f Agrochemicals in Water
There are conflicting reports on the importance of solubility in predicting 
chemical mobility. Somasundaram et al.(1991) claimed that there is a direct correlation 
between water solubility and mobility through soil for neutral compounds. Therefore, 
the more soluble a compound, the greater the concentration of that compound in runoff 
and baseflow. Solubility of compounds is directly related to temperature, pH, and 
chemical composition of the soil medium. Consequently, solubility of compounds may 
not remain the same throughout the soil profile (Bowman et al., 1979). This fact may 
account for the lack of correlation between solubility and agrochemicals movement 
reported (Harris et al., 1960; Rogers, 1968). It is obvious that solubility in water cannot 
be used as a single predictor for the mobility of agricultural chemicals, however it is 
valuable when used along with the other parameters mentioned earlier. Nitrogen and 
phosphorus compounds have different water solubilities. In general inorganic nitrogen is 
much more soluble in water than inorganic phosphorus. .
1.2.2 Vapor Pressure.
The vapor pressure of a compound is the pressure exerted by its confined vapor at 
equilibrium with its liquid (or solid if sublimation occurs) at a particular temperature.
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There are many factors that influence the tendency of a compound to volatilize. These 
are, chemical structure, solubility in soil water and its tendency to be adsorbed (Pepper et 
al., 1996; McEwen et al., 1979). The following soil conditions depress volatilization: 
low moisture content, high organic matter or clay content, and low temperature. 
Conversely, greater losses by volatilization are caused by low organic matter or clay 
content, high soil temperature, and high moisture content (McEwen et al., 1979).
Henry's law constant (H) is a measure of the escaping tendency of dilute solutes 
from water and is approximated as the vapor pressure ratio to water solubility, at the 
same temperature (Pepper et al., 1996; Mackay et al., 1980). These (H) values are 
important indicators o f aqueous volatility and comparisons of these values between 
different neutral organic compounds can be helpful particularly when a chemical has 
already been well characterized in the field (Cohen et al., 1984).
1.2.3 Persistence in Soil.
The stability o f compounds in the soil environment is a measure of their 
resistance to chemical and biological degradation, runoff and leaching. During a runoff 
event, the small soil particles (clay, silt) are washed off the soil surface with the runoff 
water (Nkedi-Kizza et al., 1983).
Chemical degradation of compounds is the result of redox reactions, hydrolysis 
and photolysis (Pepper et al., 1996). Redox reactions result in the oxidation or reduction 
of compounds to more soluble or biologically available forms. Photolysis is the 
breakdown of a chemical by light energy and is a significant mode of degradation for 
compounds that remain on the soil surface. It would be less of a concern for compounds
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incorporated into the soil such as nematocides. Hydrolysis is the breakdown of a 
compound by water and should become important under moist conditions (Pepper et al., 
1996).
Biological degradation is a consequence of the activities of plants, animals and 
microorganisms. Generally, biological activity is greatest in the root zone and decrease 
by three or four orders of magnitude from this active layer to residual levels below the 
top few meters. This is because soil temperature decrease with depth and microbial rate 
processes are known to be affected exponentially by temperature (Focht et al., 1973). 
However, any physical, chemical or environmental conditions affecting bacteria, 
actinomycetes, fungi, algae, protozoa, and nematodes residing in the soil habitat will 
affect biological degradation.
The adsorption of compounds to clay or organic matter is a major retardation 
process and prevents the removal of these compounds by runoff or leaching. The 
adsorption of compounds on soil is dependent on high energy bonds such as ionic and 
ligand bonds: low energy bonds such as, ion-dipole interactions, hydrogen bonds and 
Van der Waals bonds (Pepper et al., 1996; Hance, 1971).
Ionic bonds occur between anions or cations and positive or negative electric 
charges at the soil surface. Low energy bonds are the result of the unequal distribution 
of electrons within molecules and subsequently the formation of dipoles. This is a 
consequence of the difference in electronegativity between elements (nitrogen, oxygen, 
hydrogen). The formation of low energy bonds can be proposed as a possible 
mechanism for the adsorption of most neutral compounds (Pepper et al., 1996; Calvet,
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1980).
Adsorption o f compounds to soil is greatly affected by the electronic structure, 
molecular volume, and solubility of the compounds. Molecular properties are important 
because they suggest the ease with which a molecule can be polarized. Solubility is 
significant because adsorption in the saturated soil takes place in an aqueous medium 
and therefore, interactions between water and solutes are pivotal (Calvet, 1980).
1.2.4 Organic Carbon Partition Coefficient (K Ĵ.
The K* of a compound is the partition coefficient between soil and water (KJ 
divided by the organic carbon fraction of the soil (FoJ. The advantage of using 
instead of is that !(„ is much less variable than Kj (Gustafson, 1988; Nkedi-Kizza et 
al., 1983). represents an almost universally accepted way to compare various 
compounds in terms of soil mobility. Except for ionic compounds that adsorb primarily 
to clay fraction of soils (Calvet, 1980). The higher the of a compound the greater the 
adsorption of that compound and the more immobile. Cohen et al. (1984) postulated 
that a value less than 300 to 500 would suggest a high potential for mobility in soil.
1.2.5 Sources and Sink of Nitrogen and Phosphorus
The atmosphere is the primary source of nitrogen in soil, but atmospheric 
nitrogen probably originated from rocks in the earth’s mantle (Stevenson, 1985). Rocks 
o f the earth’s mantle contain the largest quantity of nitrogen, but this form of nitrogen is 
inactive and is not rapidly cycling through the soil-water ecosystem (Stevenson, 1985).
In aquatic systems, nitrogen exists as N2, NH4% N 02\  and N03‘, either in the dissolved 
phase or as particulate organic matter (Stevenson, 1985). Nitrogen undergoes many
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
28
processes in the soil such as, nitrogen fixation, mineralization and assimilation.
Nitrogen fixation is the conversion of gaseous nitrogen to ammonia by bacteria [1]. 
Mineralization is the degradation of organic nitrogen to inorganic forms such as nitrates 
or ammonia. Assimilation is the uptake of nitrates by plants or animals.
Transformations between these species constantly occur through the following redox 
reaction:
N2 + 3H2 —-> 2 NH3 [1]
n h 3 + h  —-> n h 4+ [2]
N2 + 202~ -> 2 NO/ [3]
N2 + 302 —-> 2 N 03- [4]
The NH4+, N 02\  and N 03* species are the active fractions of nitrogen and can be 
assimilated by plants and animals. Therefore, nitrogen may be lost from the watershed 
through removal of flora or fauna (Stevenson, 1985). The solubilities of nitrogen 
compounds make leaching a possible mechanism for nitrogen elimination from the soil- 
water environment. In addition, nitrogen containing compounds may also volatilize, 
which would further decrease nitrogen concentration in the soil-water environment. The 
process that accounts for the elimination of nitrogen from the soil-water environment is 
affected by temperature, moisture and the cation exchange capacity (CEC) of soils 
(Stevenson, 1985). The higher the ambient temperature, the faster the rate of 
denitrification reactions. The CEC of soil is directly correlated to the clay and humus 
content. The large surface area and negative charges on colloidal material, adsorb 
ammonium ions and prevent volatilization of ammonia. Increase in soil moisture may
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also increase volatilization loss because denitrification is an anaerobic reaction and will 
increase if oxygen is replaced by water in the soil-water environment (Stevenson, 1985). 
Nitrogen is loss from calcareous soils after the application of fertilizers because of the 
following reaction which occurs rapidly at high pH (Stevenson, 1985):
(NH4)2S04(J) + CaC03(1) >2N H 3(g) + C02(g) + HiO^ -t-CaSO^ [5]
Marine sediments and soil are the primary sources o f phosphorus (Stevenson, 
1985). In natural environments, phosphorus is partitioned in various pools which 
include; stable inorganic phosphorus, solution phosphorus, microbial phosphorus, and 
stable organic phosphorus (Stevenson, 1985). Phosphorus exists primarily as 
orthophosphate complexes with calcium, aluminum, iron and silicate mineral 
(Stevenson, 1985). Transformation of phosphate ions is affected by changes in pH and 
certain species are dominant at a specific pH range (H3P04 at pH 2, H2P04' at pH 6, 
HP04* at pH 10 and P 04'3 at pH 14). The H2P04' and the HP04'2 are the two forms of 
phosphate assimilated by plants (Stevenson, 1985). Phosphates are relatively insoluble 
and therefore erosion and removal of flora or fauna are the primary mechanisms of loss 
from a watershed (Stevenson, 1985). The relative insolubility of phosphates, microbial 
immobilization, and mineralization, make leaching an unlikely mechanism for 
elimination from the soil-water environment.
13 Runoff Volume, Nutrient, and Sediment Yield.
Runoff occurs after the quantity of rainfall has exceeded the infiltration capacity
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of soil and depressions on the soil surface are filled. The volume of runoff is dependent 
on the attenuation of rainfall through interception, evapotranspiration and infiltration 
into groundwater. This is usually calculated using the Soil Conservation Service curve 
number method where runoff is essentially determined as the difference between the 
depth of rainfall and a retention coefficient The retension coefficient is estimated from 
a curve number which depends on land use, soil type, and hydrologic soil conditions 
(Young et al., 1989; Smith and Williams, 1980). A curve number is assessed based on 
the predominant land use condition for an area, the agricultural practices (fallow, row 
crop, pasture, woodland, forest with heavy litter, urban etc.). Soil must be classified as 
A, B, C, and D. Where group A represents soil of low runoff potential, and transmission 
rate greater than 0.76 cm/hr. This soil is characteristically sand or gravelly. Group B 
represents soil of moderate infiltration rate and transmission rate between 0.38 and 0.76 
cm/hr. These are characteristically silt-loam soil. Group C represent soil with low 
infiltration rate and transmission rate between 0.13 and 0.38 cm/hr. These are 
characteristically sandy-clay-loam soil. Group D represents soil with high runoff 
potential and transmission rate between 0 and 0.13 cm/hr. These are characteristically 
clay soils with little or no macropore structure.
1.3.1 Soil Properties
The most important soil characteristics that determine chemical mobility are 
organic matter and clay content. These soil constituents are colloidal, have high cation 
exchange capacities, and surface areas. Consequently, they dictate the extent to which a 
particular compound is adsorbed to soil (Pepper et al., 1996; McEwen et al., 1979;
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Cohen et al., 1984; Khan, 1980; Greenland et al., 1978).
Somasundaram et al. (1991) found a negative correlation between pesticide 
mobility and soil moisture content. This is probably the result of the increased 
adsorption of herbicides on dry soil. The moisture content of the soil can influence 
adsorption by changing the aggregation of soil particles and increasing or decreasing the 
accessibility of soil surface to the solute (Grover et al., 1970). Because of the polarity of 
the water molecule, it competes with other molecules for adsorption sites in the soil 
complex. This forces more pesticide or fertilizer molecules into solution (Hamaker et 
al., 1972).
The pH of soils ranges between 4.5 and 8.0 (Buol, 1989). Soil colloids are 
essentially negatively charged and therefore increases in soil acidity may convert 
negatively charged anions to uncharged molecules or positively charged cations. Which 
may dramatically increase their adsorption (Pepper et al., 1996; McEwen et al., 1979). 
However, adsorption is very low at extremely high pH because negatively charged 
anions are not attracted to similarly charged sites (Bowman et al., 1979). Soil pH also 
influences the rate of degradation of compounds depending on whether the reactions are 
acid or base catalyzed. For example, degradation o f oxime carbamates can be base 
catalyzed, therefore, they would persist in acid subsoils (Nicholls, 1988).
The erodibility of soils is a significant determinant of soil loss and sediment yield 
in a watershed. This is estimated from a nomograph that relates texture, organic matter 
content, soil structure and permeability. Soil properties related to infiltration also affect 
runoff generation. This is used in the SCS method of determining runoff volume from
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saturated areas within a watershed (Tammo et al., 1995).
1.3.2 Watershed Characteristics
The characteristics of watersheds that are important in determining runoff 
volume, sediment yield, nutrient yield and peaklow are: watershed size, drainage density, 
shape, slope, soil type and soil depth. The larger the watershed, the greater the volume 
of runoff and water yield for a specific rainstorm (assuming uniform depth). Drainage 
density of the conveyance network affects how quickly a stream reach responds to a 
rainstorm event. The higher the drainage density the quicker the stream network 
responds to a rainstorm event and therefore the higher the maximum discharge rate. 
Theory suggest that elongated watersheds have lower peakflow than the more circular 
ones (Brooks et al., 1994). This is primarily because the time of concentration for 
elongated watersheds is higher than that o f more circular watersheds. The average slope 
of a watershed has a profound impact on runoff generation. The steeper the slope the 
more runoff is generated. Soil type and soil depth both influence infiltration capacity, 
and consequently runoff generation. Soil parameters such as depth, texture, structure, 
organic matter content, porosity, and bulk density all affect the retention of water in a 
watershed. Runoff volume decreases as this retention factor decreases. Once water has 
infiltrated the soil profile it enters groundwater reserves where it may enter stream 
reaches through baseflow.
An aquifer is defined as a saturated permeable geologic unit that can transmit 
significant quantities of water under ordinary hydraulic gradients (Freeze et al., 1979). 
Aquifers in Belize are mostly unconfined, that is, a water table forms the upper boundary
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(Nicolait et al., 1984). Shallow, unconfined aquifers can be contaminated through 
leaching of nutrients more easily than deep, confined aquifers. Once in the saturated 
zone, nutrients can then be transported to surface water bodies through advection and 
diffusion in baseflow. Pionke, et al. (1988) suggested that shallow groundwater 
discharge zones located near rivers or streams may have a significant effect on stream 
water chemistry during rainstorm events.
1.3.3 Rainfall and Temperature
The importance of rainfall is a result of its effect on the soil moisture content 
which subsequently affects the adsorption of compounds. Cohen et al. (1984) postulated 
that total rainfall exceeding 25 cm/yr could signify high leaching potential. Runoff and 
erosion may also increase with high rainfall which would result in contaminants being 
transported to surface water in either the dissolved phase or adsorbed to sediments. 
Models generally determine the erosivity of storms based on their magnitude and 
intensity. An energy index is calculated based on these two factors.
Temperature plays an essential role in volatilization and microbial degradation of 
compounds. At high temperatures both volatilization and microbial activity increase.
The soil moisture content will decrease because of greater evaporation and subsequently 
compounds will be adsorbed more strongly to soil. Temperature is also important in 
affecting evapotranspiration rates which subsequently affects runoff volume.
1.4 The Agricultural Nonpoint Source Pollution Model (AGNPS)
The AGNPS model was developed through the collaboration of the Agricultural
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Research Service, Minnesota Pollution Control and the Soil Conservation Service (Young 
et al., 1989). The model is based on daily rainfall events and is capable of simulating 
runoff, sediment transport and nutrient transport in a watershed (Young et al., 1989). 
AGNPS has been used in several watershed simulations with varying degrees of success. 
Kusuman and Mitchell (1997) used AGNPS to assess soil erosion and sediment in forest 
and agroforestry areas of Indonesia. They found that AGNPS simulations gave realistic 
predictions of erosion rates and sediment yields over a two year period based on 
precipitation. In another study Fai and Lo (1995) used an integration of AGNPS and GIS 
to assess erosion in a 475 km2 watershed. They identified critical areas within the 
watershed. Panuska (1991) developed a contour and grid-based version of AGNPS to 
evaluate peak flows. Rode and Frede (1997) combined AGNPS with GIS to run 
simulations for a 128.9 km2 and an 81.7 km2 watershed. Thirty-five events were analyzed 
for runoff volume and peak rate but only 12 and seven for soluble nutrients. In a 
comparison of the model simulation and analyzed data, nitrogen concentration deviated by 
17-53%. The efficiency of the model in predicting soluble nutrients was 0.69 and 0.52 for 
the two watershed simulations. Mostaghimi, et al. (1997) compared the effectiveness of 
various management practices. They determined nitrogen concentration in runoff and 
compared it with model predictions for 11 events. These comparisons had an R2 of 0.68 
and 0.90 for N and P respectively. They also developed annualization procedures to 
convert event-based simulation data and conducted source accounting for the eleven 
events simulated. Brunet and Astin (1998) used AGNPS to investigate variation of 
phosphorus flux during a hydrological season. They analyzed particulate and soluble
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phosphorus flux twice monthly, for periods of simulation and several times during a flood 
event. Samples were taken at two points (in a small portion of the watershed) over the 11 
months of simulation in a watershed 17,000 km2. The model was also used by Kao, et al. 
(1998) to determine external phosphorus loads to a reservoir.
In this study, AGNPS is used to estimate runoff volume, peakflow, nutrient and 
sediment loading to the Double Run subwatershed and the North Stann Creek watershed. 
Details of the structure and function of the AGNPS model can be found in Young et al.
(1989). The following discussion is a brief summary o f the three major components of the 
model, hydrology, sediment transport and nutrient transport
1.4.1 Hydrology
During a rainfall event water first infiltrates the soil into the vadose zone and 
eventually to the saturated zone. As the rain storm continues, the infiltration capacity of 
the soil is reached, which result in overland flow and ponding in depressions on the soii 
surface (Smith and Williams, 1980). The AGNPS model calculates runoff using the SCS 
curve number method and the maximum discharge rate using an empirical equation. The 
following equations are used:
Q = (P - 0.2s)2/(P + 0.8s) [6]
s = smx{(UL-SM)/UL} m
= (1000 / CN) - 10 [8]
Qp = 3.79A07CS 016 (RO/25.4)(0 903A «p 0 017> LW -°19 [9]
Where Q represents runoff, P is rainfall, s is a retention parameter, s ^  is the maximum 
value for s, SM is the soil water content in the root zone, UL is the porosity, and CN is a
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curve number which depends on land use, soil type, and hydrologic soil conditions (Young 
et al., 1989; Smith and Williams, 1980). Qp is the peak flow rate (m3/s, A being the 
drainage area km2, CS is the channel slope (m/km), RO is the runoff volume (mm), and 
LW is the watershed length-width ratio (L2/A) (Young et al., 1989).
1.4.2 Sediment Transport
The following equation is a modification of the universal soil loss equation used to 
calculate soil loss (SL):
SL = (El) KLSCP (SSF) [10]
Where El is the product of the total kinetic energy of the rainfall event and maximum 30- 
minute intensity, K is the soil erodibility coefficient, LS is the topographic factor, C is the 
cover and management factor, P is the supporting practice factor, and SSF is used to 
account for slope shape within each cell (Young et al., 1989). Sediment transport is 
simulated by the following equation:
Q,(x) = Qs(0) + Qsl(x/Lr) -0/ x(x)wdx [11]
Where Qs(x) is sediment discharge downstream, Qs(0) is sediment discharge upstream, Qsl 
is lateral sediment inflow rate, x is distance downstream, Lr is the stream length, and w is 
the channel width. The deposition rate (Dx) is calculated using the following equation:
D(x) = [Vst/q(x)][qs(x )-g ’1(x)]__________ [12]
Where Va is the particle fall velocity, q(x) is discharge per unit width, q,(x) is sediment
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load per unit width and g'jCx) is the effective transport capacity per unit width (Young et 
al., 1989).
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1.4.3 Nutrient Transport
The transport of nutrients in this model is considered both in the dissolved phase 
and adsorbed to sediments (Knisel, 1980). The following equation is used to calculate 
nutrient concentration adsorbed to sediments (Y):
Where Tf is a correction factor, QS(X) is sediment discharge at the downstream end of the 
channel, and the enrichment ratio ( E r )  is the relative concentration of adsorbed nutrients 
on sediment divided by the concentration in the original soil. The notion of enrichment is 
used to account for the increase in nutrient concentration adsorbed to finer soil particles as 
a result o f an increase in surface area and organic matter content. Runoff contains a 
greater proportion of fine particles than coarse particles and therefore will contain 
relatively more adsorbed nutrients. Novotony and Chesters (1989) reported that 
enrichment ratios should not be applied to substances like nitrates, which do not bind on 
clay or organic matter. However, the ammonium form of nitrogen may bind to colloidal 
soil particles and therefore it is reasonable to use enrichment ratios for nitrogen in this
Nutrient in the dissolved phase (X) is estimated from the interactions between 
concentrations in rainfall, fertilizer and leachate. It is calculated as the product of nutrient 
concentration at the 1 cm soil depth (A), an extraction coefficient (E) and the total runoff 
(Q) (Young et al., 1989).
Y = nutrient in the soil x sediment yield x Er 
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X = A x E x Q [15]
The transportation capacity of runoff depends on the volume and velocity of water flow. 
The model only consider erosion from the top 1 cm depth of the soil. This is because it is 
believed that rainfall only affects this depth. Constant values are used for the extraction 
coefficient of nitrogen and its concentration in rainfall (AGNPS). Potential concerns 
about these assumptions are that different sources of nutrients have different chemical 
properties and nutrient concentration vary spatially and temporally during a storm. The 
model further assumes that all soluble nutrients are in the pore water and a fraction is 
extracted into runoff water (AGNPS). Soil porosity is used to decide the amount of pore 
water at the 1 cm depth. As soon as soluble nutrients reach concentrated flow, they are 
assumed to remain constant and additive, no loss is allowed in the channel. AGNPS 
assume that there is no bacterial activity or plant uptake.
The volume of runoff and the quantity of sediment is generated by the hydrology 
and the sediment components of the model respectively. Extraction coefficients are used 
to decide the quantity of nitrogen in runoff and adsorbed to sediment. The extraction 
coefficient for nitrogen and phosphorus in runoff is assumed to be constant at 0.0S and 
0.025 respectively. While the extraction coefficient for leaching of both nitrogen and 
phosphorus is assumed to be 0.25 (AGNPS manual).
Partial results of a sensitivity analysis conducted by the developers of AGNPS 
show that sediment yield is significantly affected by land slope, soil erodibility, cover 
management, and curve number while nitrogen concentration was affected by changes in
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curve number (Table 1.1). Soluble nitrogen (ppm) show the most significant sensitivity to 
variation in curve number.
Table 1.1: Sensitivity of AGNPS
Variation Sediment b = 1 Nitrogen
lb/ac
b = 3.16 Nitrogen
ppm
b=2J7
SD SD/b N N/b N N/b
CN -50 0.29 0.29 1.16 0.37 0.07 0.03
CN -25 0.70 0.70 2.38 0.75 0.36 0.15
CN +25 1.17 1.17 3.58 1.13 21.55 9.11
CN +50 1.2 1.20 3.65 1.16 31.23 13.20
LS -50 0.51 0.51 1.85 0.58 0.92 0.58
LS -25 0.71 0.71 2.42 0.76 1.21 0.76
LS +25 1.35 1.35 4.02 1.27 2.01 1.27
LS +50 1.68 1.69 4.80 1.52 2.40 1.52
K -50 0.50 0.50 1.83 0.58 0.91 0.58
K -25 0.75 0.75 2.52 0.80 1.26 0.80
K +25 1.25 1.25 3.77 1.19 1.89 1.19
K +50 1.49 1.52 4.36 1.38 2.18 1.38
C -50 0.50 0.50 1.83 0.58 0.91 0.58
C -25 0.75 0.75 2.52 0.80 1.26 0.80
C +25 1.25 1.25 3.77 1.19 1.89 1.19
C +50 1.37 1.38 4.08 1.29 2.04 1.29
y= value determined for the base simulation
In the analysis the target parameter was varied from -25% to 50% of its base value.
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1.4.4 Input Parameters for AGNPS
The total depth of each rainfall event must be measured and the model calculates 
the energy or intensity of the rainstorm based on the storm type and duration. The 
following parameters must be obtained for each cell within the watershed: number of cells 
into which it drains, SCS curve number, average slope, slope shape factor, average field 
slope length, average channel slope, average channel side slope, Manning’s roughness 
coefficient for the channel, soil erodibility factor, cropping factor, practice factor, surface 
condition constant, aspect, soil texture, fertilization level, incorporation factor, point 
source indicator, gully source level, chemical oxygen demand factor, impoundment factor, 
and channel indicator (Young et al., 1989). These parameters are defined as follows:
1) Receiving cell number - cell into which most of the runoff drains.
2) SCS curve number - depends on hydrologic and soil cover conditions (Appendix 4b).
3) Land slope - % rise obtained from topographic maps. Use 0 for water or marsh.
4) Slope shape factor - The general shape of the cell; 1 = uniform, 2 = convex, and 
3 = concave.
5) Field slope length - The length and slope of the field affect erosion. Use 0 for marsh 
(Appendix 5).
6) Channel slope - % slope of the channel, estimated from topographic maps as half the 
land slope.
7) Channel side slope - estimate or use a default value of 10%. Use 0 for water or marsh.
8) Manning roughness coefficient - resistance to overland flow (Appendix 6).
9) Soil erodibility factor - depend on soil type (AGNPS).
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10 Cropping factor - relates to cover and management (AGNPS).
11) Practice factor - worst case is urban or residential = 1, water or marsh = 0,(AGNPS).
12) Surface condition constant - land use condition (Appendix 4a).
13) Aspect - number for direction of drainage (AGNPS).
14) Soil texture - 0= water, 1= sand, 2= silt, 3= clay, 4= peat.
15) Fertilization level - 0= none, 1= low (P=20,N=50 lb/ac.), 2= medium (P=40,N=100 
lb/ac.), 3= high (P=80,N=200 lb/ac.).
16) Incorporation factor - % fertilizer left on VZ inch of soil (Appendix 7).
17) Point source indicator - number of point sources of P and N.
18) Gully source level - tons of gully erosion in each cell.
19) Chemical oxygen demand factor - factor based on land-use (Appendix 8).
20) Impoundment factor - number of ponds in the cell.
21) Channel indicator - number of channels in the cell.
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2. RESEARCH METHODS AND MATERIALS
This research was limited to a subwatershed of the Belize river and the North Stann 
Creek watershed. These watersheds were delineated and characterized based on the input 
parameters needed for the AGNPS model. The data sheets used in the characterization of 
the watersheds are shown in Appendix 14. <■'
A field survey was conducted to assess farming practices within the targeted 
watersheds (Appendix 15). The questionnaires were designed to assess the type of crops 
planted, the total area cultivated, farming practices and assess anthropogenic inputs of 
agrochemicals. Information was also obtained from the District Extension Officers who 
work directly with the farmers.
Vegetation and soil types were determined from 1:250,000 or 1:100,000 maps 
with field assessment at six and two sites within the North Stann Creek watershed and 
Double Rim subwatershed respectively. The source maps were prepared by the Natural 
Resource Institute in 1991 for the Belizean Government Base maps were derived from 
1:50,000 D.O.S. series 4499,1973-76. Additional information was obtained from a field 
survey conducted July 1989 to June 1990 by a team lead by R.B. King, land resource 
specialist (team consisted of I.C. Baillie, soil scientist; J.R. Dunsmore, agronomist; J.H. 
Pratt, economist; T.M.B. Abell, forester; H. Versey, hydrogeologist; D.A. Gray, GIS 
specialist; A.C.S. Wright soil advisor; M. Holder, Belize Ministry of Agriculture). 
Specialist information (King et al.1989) was obtained mainly from 1:42,000 air 
photography flown by RAF, Landsat TM imagery provided by EOSAT, 1:100,000 soil 
maps, and 1:25,000 air photography. The parameters needed by the model for each of the
43
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cells were estimated or obtained from various Government Department documents. The 
Ministries of Agriculture and Natural Resources provided information on land use. 
Meteorological data such as air temperature and rainfall were obtained from weather 
stations at the Belize International Airport and at Melinda Forest Station, Stann Creek 
District The use of one rain gauge for the entire watershed limits the accuracy of the 
estimate for precipitation. However, for the purposes of these model simulation, 
knowledge of accurate rainfall amounts is not critical.
In this research project, the North Stann Creek watershed was divided into 279 
cells, each with an area of 1 km2. The drainage network consists of a 11-km north branch 
flowing in a southeasterly direction, and a 14-km south branch flowing in a northeasterly 
direction. The Humming bird Highway separates these two branches that eventually join 
to form the main channel. The main channel is about 34 km long and empties into the 
Caribbean sea.
The travel time and time of concentration for the conveyance network were 
calculated using the equation: Tt= L/V3600 where L is length (ft), V is velocity 
(ft/sec)(USDA TR55). Average discharge of the North Stann Creek river is estimated at 
IS m3/sec (NARMP, 1995). The average river depth at Middlesex is calculated at 0.55 m 
based on data collected over a twelve year period (Table 2.1). The width at Middlesex 
was measured at 37.4 m and the surface velocity was estimated at 3 ft/sec. Therefore the 
average river velocity is approximately 2.4 ft/sec (80% surface velocity, Brooks et al., 
1994). The travel times for the north branch, south branch and the main channel is 
calculated as 4.2, 5.3, and 12.9 hours respectively. Thus, the time of concentration for the
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The river depth varies considerably throughout the year as the data from a 
monitoring station at Middlesex shows (Table 2.1).









1981 0.21 9/12 0.94 19/12 24 0.25
1982 0.06 31/5 3.90 24/9 330 0.48
1983 0.63 18/12 3.84 30/11 365 0.80
1984 0.41 14/12 3.33 8/7 276 0.71
1985 0.01 29/9 1.03 16/10 278 0.45
1986 0.20 1/5 2.51 17/9 365 0.54
1987 0.08 21/5 1.84 11/6 365 0.43
1988 0.22 2/6 1.40 26/8 366 0.55
1989 0.20 18/3 2.15 8/10 365 0.51
1990 0.25 15/2 2.40 30/11 365 0.62
1991 0.22 28/2 1.95 16/8 365 0.56
1992 0.00 31/10 1.12 10/1 122 0.70
Avg. 0.208 - 2.18 - - 0.55
Seven major soil types were identified within the watershed based on a survey 
conducted by A.C.S. Wright et al., (1958). The following is a brief description of each 
soil type:
Mixed Alluvium constitutes 7% of the North Stann Creek watershed (2b: Melinda 
suite, Monkey river subsuite). This soil is described as weakly developed brown and grey 
in calcareous or siliceous alluvium. They have variable textures with layering inherited
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from alluvium. Base status and nutrient fertility of these soils is high. They may be well 
drained or imperfectly drained and occupies the coastal plains of the watershed. The 
vegetation consists of high broadleaf forest. The USDA taxanomic subgroup name is 
Eutric or Dystric Tropofluvents and Fluvaqvents.
Calcareous rock (colluvium or residium; 65,67) constitutes 44% of the watershed. 
These soils are grey-brown in color, shallow and consisting o f coarse to medium textured 
soil. The soils are infertile but support a moderate broadleaf and shrubland o f “Tiger 
bush”. They are erodible, and well-drained consisting of steep bouldery slopes on granitic 
hills. The vegetation consists of high semideciduous broadleaf forest with cohune palms.
Calcareous hill formation (33H) constitute 21% of the watershed. These soils are 
shallow' and consist of coarse to medium textured soil over granite at a depth of less than 
60 cm. The soils are infertile but support high semi-deciduous broadleaf forest with many 
cohunes. Soils erode freely from deforested areas.
Early Semimature Shale (35H) constitute 16% of the watershed. These are deep, 
fine textured soil, underlain by weathered argillite at a depth o f more than 60 cm. The 
soils are classified as well drained and infertile.
Early Semimature Alluvium (38) constitute 6% of the watershed. These soils are 
moderately developed reddish silty loam-clay with subsoil stone layers. The soils are 
slightly base deficient and support high broadleaf forest They are well to imperfectly 
drained.
Late Semimature alluvium (44) constitutes 6% of the watershed. These soils are 
deep red and yellow consisting of medium to fine textured soil. The soils are very acidic,
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well drained and support tall forest and palms. These soils are described as very erodible.
The following is a discussion of the methods used for testing each hypothesis.
Hypothesis 1: Conversion offorest to pasture, milpa or mechanized agriculture 
significantly increases nutrient loading to stream reaches, sediment loading, runoff 
volume, and peak discharge rate within a watershed.
The impact of forest conversion to pasture, milpa or mechanized agriculture on
nutrient, sediment concentration in runoff, runoff volume, and peak flow was assessed by
conducting several AGNPS simulations for the North Stann Creek watershed and the
Double Run subwatershed. Simulations were conducted to determine base values for
runoff depth, peak discharge, sediment yield, nitrogen and phosphorus load. Subsequently
10%, 25%, 50% and 100% of the forested areas of the watersheds was converted to
pasture, milpa or mechanized agriculture. These four land uses were designated using
characteristic values for the following AGNPS parameters; curve number, Manning’s
coefficient, K factor, C factor, surface condition constant and chemical oxygen demand
factor.
Hypothesis 2: Delineation o f hydrologic response units significantly affects hydrologic 
modeling o f runoff volume, peakflow, nutrient and sediment loads within watersheds.
Simulations were also conducted to determine wether delineation of hydrologic
response units within watersheds affect hydrologic modeling of runoff, peakflow, nutrient
and sediment loads. Three different watershed decomposition schemes were used. In the
first method a virtual watershed with an area of 810 ha. was divided into four cells. Each
of these cells represented areas under forest, pasture, milpa or mechanized agriculture.
This decomposition method represents a composite approach. The second method
represented a distributed approach where the virtual watershed was subdivided into 20
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cells. This represented discretization of the watershed at a very small scale. The third
approach entailed spatial mixing or randomization o f hydrologic response units within the
watersheds. This treatment assessed the significance of gross spatial averaging and small
scale parameterization of watersheds on runoff volume simulated by the AGNPS model.
Hypothesis 3:The cumulative nonpoint source nutrient and sediment loads for rainstorms 
of magnitude less than 20 mm is much greater than that o f rainstorms o f magnitude 
greater than 20 mm.
Calculations of total annual nonpoint source nutrient and sediment loads for 
rainstorms of magnitude less than 20 mm was compared with rainstorms of magnitude 
greater than 20. The AGNPS model predicted both volume and concentration of sediment 
and nutrients in runoff These values were then converted to annual loads using the 
annualized procedure proposed by Koelliker and Humbert, 1989. The procedure requires 
that frequency analysis of rainfall record be conducted to determine storm magnitudes with 
selected return periods and the probability of occurrence in the wet or dry season (Mankin 
et al., 1999). Storms are selected to capture the range of magnitudes throughout the wet 
and dry seasons. An energy intensity index (El) was calculated by the AGNPS model for 
each of the selected storms.
Hypothesis 4: The SCS curve number approach for runoff estimation coupled with an 
empirical mass balance approach can effectively be used to estimate nonpoint source 
nutrient concentrations in runoff
The SCS curve number method for runoff estimation was coupled with an 
empirical mass balance approach for estimating nonpoint source nitrogen concentrations in 
runoff. The SCS curve number method is well documented and has been described earlier 
for the AGNPS model. The empirical mass balance approach entails estimation of
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subwatershed area, runoff volume, hydraulic volume of the drainage network, nitrogen 
concentration in the river prior to the rainstorm event, final volume of water in the river 
after the rainstorm (m3), and the final mass of nitrogen in the river. The mass of nitrogen 
in runoff is the difference between the initial mass of nitrogen in the river and the final 
mass. While the concentration of nitrogen in runoff is the mass calculated in runoff 
divided by the volume of runoff.
Hypothesis 5: There is a site specific mathematical relationship between amount o f 
rainfall and nitrogen concentration in receiving stream reaches.
To determine wether there is a site specific mathematical relationship between 
depth of rainstorm events and nitrogen concentration in receiving reaches, water samples 
were collected at a specific site on the Belize river (Appendix 3). In this study, only 
rainstorms above a minimum value of 0.4 inches were analyzed. Water samples were 
collected before, during and after each rainstorm event. Based on empirical data, the time 
of concentration for the subwatershed is between two and four hours (Tc= stream 
length/velocity). Therefore, the final sample was collected approximately two to three 
hours after the storm. The concentration of nitrogen in the river varied slowly and the 
actual time of sample collection was not very crucial. It was only important that the rising 
limb, peak and the falling limb of the concentration hydrograph for each storm be 
assessed. These samples were analyzed for nitrogen concentration which was then 
converted to concentration in runoff.
The analytical method chosen took into consideration sensitivity, selectivity, 
precision, detection limit and accuracy (Afghan, 1987). Water samples were collected in 
plastic bottles. Two milliliters of 5% sulfuric acid was added to each 200 ml of sample.
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This was done to create the most oxidizing condition for the nitrate form of nitrogen.
These samples were then refrigerated at 2 to 4°C and were analyzed within two weeks of 
collection. A calorimetric method was used for the analysis. Details of the analytical 
method can be found in Appendix 2. Samples were also analyzed for nitrate using a 
Horiba compact ion meter immediately after collection.
2.1 Survey of Agricultural Practices
A survey was conducted to identify the levels of fertilizer use in the agricultural 
areas of the watersheds. The purpose o f this survey was to obtain parameters required to 
run the AGNPS model. AGNPS require that the level of fertilizer use be quantified as 
follows: 0= none, 1= low (P= 22, N= 56 kg/ha.), 2 = medium (P= 45, N= 112 kg/ha.), and 
3 = high (P= 90, N= 224 kg/ha.). The survey assessed the type of crops cultivated, number 
of acres under cultivation for each crop, approximate annual yield, type and numbers of 
animals reared, method of cultivation, and type of irrigation practices. Site specific data 
was also collected such as soil color, erosion potential, pH, N concentration of soil, 
topography, vegetation, and the presence of ponds or streams (area/diameter). A final 
component of the survey assessed agrochemical use such as the type and amount of 
pesticide or fertilizer, timing and method of application.
2.2 Meteorological Conditions
Rainfall data was obtained from the Meteorology Department Rainfall for the 
subwatershed was obtained from the weather bureau at the International Airport. While
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data was obtained from the Melinda Forest Station for the North Stann Creek watershed.
A unit hydrograph is the preferred method of determining the stormflow response 
of a watershed to 1 unit of excess precipitation per unit area, per unit time (Brooks, et al., 
1994). However, in the absence of adequate data, the hydrologic response of a watershed 
can be used to estimate the response of a watershed to rainstorm events. The hydrologic 
response is defined as the quotient of the annual stormflow divided by the annual 
precipitation (Brooks, et al., 1991).
The mean water level was obtained from data collected by the Hydrology 
Department at the Double Run gauging Station. Annual discharge was calculated using a 
rating curve developed for that site. The precipitation values recorded are annual averages 
determined by the Meteorology Department at the International Airport, while the volume 
of precipitation was calculated by multiplying the drainage area by depth of precipitation.
The average hydrologic response of the subwatershed is 29% with a standard 
deviation of 11.4%. This suggests the relative slow response of the Double Run 
catchment to rainstorms. Several factors may account for this including size, shape, slope, 
and drainage density of the catchment Hydrologic response will vary for each rainstorm 
event because it is also affected by antecedent moisture conditions. Table 2.2 show 
calculated results of hydrologic response for the Double Run subwatershed over a 
fourteen-year period.
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1981 2.65 6.36 x 109 1.73 9.9 x 109 64
1982 1.6 3.42 x 109 2.44 1.4 x 10'° 24
1983 0.96 1.88 xlO9 1.86 1.1 x 10'° 18
1984 1.46 3.06 x 109 1.93 l.l  x 10‘° 28
1985 1.22 2.48 x 109 1.84 1.1 x 10'° 24
1986 1.85 4.07 x 109 2.06 1.2 x 10'° 34
1987 0.93 1.82 x 109 1.56 8.9 x 109 20
1988 1.80 3.94 x 109 2.32 1.3 x 10'° 30
1989 1.35 2.79 x 109 1.68 9.6 x 109 29
1990 1.97 4.39 x 109 2.60 1.5 x 10'° 30
1991 0.99 1.93 x 109 1.93 1.1 x 10*° 18
1992 2.08 4.7 x 109 2.18 1.2 x 1010 38
1993 1.63 3.49 x 109 1.97 1.1 x 1010 31
1994 1.05 2.09 x 109 1.99 l.l  x 10'° 18
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3. RESULTS AND DISCUSSION
3.1 Agricultural Practices in Belize
Com, beans and vegetables are grown mainly by Central American refugees who 
practice low impact milpa farming (Agriculture Report, 1996). Land preparation for 
planting by milpa farmers entails cutting and burning vegetation using an axe or machete. 
There is no additional land preparation and agrochemicals are not generally used. The 
milpa is used for a few years until crop yields begin to decline and then it is abandoned for 
pristine or fallowed land.’ Milpa farming is practiced largely in the rural areas of Belize. 
Citrus farming and the establishment of pasture entails land clearing and preparation for 
effective drainage. Citrus trees are periodically treated with agrochemicals and the fields 
are kept clean.
Crops cultivated and the area under cultivation with each crop in the Belize and 
Stann Creek Districts are shown in Tables 3. land 3.2. The tables show the level of 
agricultural productivity in 1988 and in 1999 not only for the specific research sites but for 
the entire Stann Creek and Belize Districts. The data indicate that there is no consistent 
increase in area under cultivation from 1988 to 1999. In some cases crop production 
actually decreased which may be due to diseases or unfavorable weather conditions 
accompanying storm systems. Competition from Guatemalan and Mexican imports may 
also account for decreased crop production. However, in both the Stann Creek and Belize 
Districts there was a significant increase in citrus production and total area under 
cultivation within this period.
Weed control is the most significant problem faced by farmers in Belize.
53
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Herbicides used to combat the problem include; Herbax (Propanil), 2,4-D, Glyphosate, 
Paraquat, and Facet Insect pests are controlled with the use of Thordon, Malathion and 
Deltamethrin. Using a combination of the macronutrients nitrogen, phosphorus, and 
potassium enhance soil fertility. The application rates for fertilizers are based on the 
recommendation from Prosser Agricultural Supplies Company after soil testing. 
Appendix 17 show a list of pesticides used by the citrus growers of Belize.
Table 3.1: Estimated land area under cultivation with selected crops in the Belize District,









Black beans - - 12.2 454.5
R.K. beans - - 10.1 363.6
Com 263.3 81,818 121.5 454.5
Rice (milpa) - - 28.4 545.5
Rice 68.9 115,909 - -
Hot pepper - - 4.9 3,181.8
Cassava - - 20.3 3,636.4
Coconut 992.3 4,454,545.5 186.3 146,363.6
Cocoa Yam - - 18.2 1,818.2
Orange 222.8 - 2,025 1,545,455
Grapefruit - - 121.5 57,954.5
Mangoes - - 24.3 736,363.6
Pineapple 60.8 681,818.2 46.6 418,181.8
Plantain - - 64 30,881.8
Cattle - 2,853.6 - 5,000
(heads)
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Table 3.2: Estimated land area under cultivation with selected crops in the Stann Creek 
District, 1988 and 1999. Adopted from Ministry of Agriculture and Fisheries._______









Black beans 0.4 118.8 6.1 4,772.7
R.K. beans 13.4 7,500 12.2 5,454.5
Com 126.4 113,318 20.7 27,818.2
Rice (milpa) 49 82,500 2 2,272.7
Rice 192.4 647,727 232.9 731,818.2
Hot pepper 1.2 - 12.2 64,836.3
Cassava 31.6 713,636.4" 26.7 450,000
Cocoa Yam 4.9 56,818.2 32.4 436,363.6
Orange 4,321.4 574,272.7 20,250 2,009,489.5
Grapefruit 1,287.5 398,213.6 4,050 603,664
Banana 1,058.3 633,811.8 1,871.1 1,405,400.9
Mangoes 496.5 22,727.3 405 318,181.8
Pineapple 3.4 19,318 30.8 -
Plantain 30.8 7,818 22.3 -
Cocoa 18.2 - 18.2 -
Cattle - 778 (heads) - 312 (heads)
Pigs - 475 (heads) - 6094 (heads)
Poultry - 13,636.4 - 1,770,164.5
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3.2 Effects of Land Use Changes on Runoff; Erosion, and Nitrogen Loads.
Forest, pasture, milpa, and mechanized agriculture are the four major land uses in 
both the Double Run subwatershed and the North Stann Creek watershed. These land uses 
were represented in AGNPS model by manipulating the following parameters: curve 
number, overland Manning’s coefficient, cropping factor, surface condition constant, and 
chemical oxygen demand. Hie various parameters representing land uses of pasture, 
forest, milpa and mechanized agriculture for AGNPS simulations are shown in Table 3.3 
(AGNPS manual). Simulations were conducted for a rainstorm of magnitude 113 mm and 
24-hour duration which corresponds with rainstorms with 2-year return period. These 
simulations represented 10%, 25%, 50%, and 100% conversion of forested areas within 
the North Stann Creek watershed or marshland within the Double Run subwatershed to 
milpa, pasture or mechanized agriculture.
Table 3.3: AGNPS parameters used for simulation of forest, pasture, milpa and
Parameter Forest Pasture Milpa Agriculture
Curve number 70 68 73 85
Overland N 0.3 0.08 0.045 0.045
C-factor 0.02 0.03 0.43 0.43
s e e 0.59 0.01 0.29 0.05
COD 65 60 80 170
Based on the parameters used for AGNPS simulations, milpa farming and 
mechanized agricultural practices should have similar consequences on watershed 
hydrology and nutrient loads. Overland- N and C-factor are identical for agriculture and 
milpa. This is because overland N has a narrow range o f0.03-0.25 depending on specific
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cover and cover density conditions (AGNPS manual). In both cases the field was 
describes as smooth, bare soil, 4-6 inches deep, and sparse grass cover. The C-factor 
depends on specific field conditions of crop cover, crop sequence, and specific crop 
management practices. This was assumed to be identical since the most significant 
difference between mechanized agriculture and milpa is in land preparation and methods 
for crop maintenance. The factors that affect the determination of C-factor are identical 
for both agriculture and milpa farming except where specific situations are considered. In 
general, watershed runoff is influenced by land-surface condition, land use, timing of 
precipitation and the time of concentration for overland flow (Hanratty and Stefan, 1998). 
Land surface storage affects time of concentration and would be greatest for forested areas 
and milpa farms since natural depressions exist on the soil surface. Agricultural areas 
would experience the least surface water storage because of soil preparation aimed at 
decreasing surface storage. The infiltration capacity of soil is significantly reduced by 
compaction which is typical under pasture conditions. Mechanized farming practices 
would also result in compaction of areas under the wheels of farm machinery. However, 
this may be compensated for by the increased infiltration as a result of soil treatment.
Milpa and forested areas should show similar infiltration capacities although soil under 
milpa may have a higher infiltration capacity than forest since the land surface is cleared of 
litter. Under hot and dry conditions, evaporation would be greatest for forested areas 
where surface water storage and interception is highest Transpiration losses is dependent 
on vegetation type and density, thus it can be surmised that pasture would experience the 
lowest transpiration losses, while forest milpa and mechanized agriculture would be
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comparatively higher.
Results for the AGNPS simulations of forest or marshland being converted to 
pasture are shown in Table 3.4a-b.
Table 3.4a: Results of AGNPS simulations for the conversion of marshland to pasture in
















Runoff (m3) 1.15 x 107 1.12 xlO7 1.08 x 107 1.01 x 107 8.76 x 106
Peak Q (m3/sec) 212.2 207.5 200.4 186.7 162.2
Sediment (kg) 1.01 x 10s 1.64 x 105 2.02 x 10s 1.98 x 10s 1.89 x 10s
Nitrogen (kg) 3497 524.5 699.4 699.4 699.4
Table 3.4b: Results of AGNPS simulations for the conversion of forested areas to pasture 
















Runoff (m3) 8.29 x 106 8.57 x 106 9.28 x 106 1.07 x 107 1.33 x 107
Peak Q (m3/sec) 371.6 394.2 479.8 750.9 1248.5
Sediment (kg) 2.56 x 10* 2.13 x 10* 2.18 x 10* 2.61 x 10* 1.7 x 10*
Nitrogen (kg) 2.43 x 105 1.95 x 10s 2.03 x 10s 2.39 x 10s 2.13 x 10s
AGNPS simulation for the Double Run subwatershed show that converting 10%, 
25%, 50%, and 100% of marshland to pasture results in 2.6%, 6.1%, 12.2%, and 23.8% 
decrease in runoff volume, respectively. This indicates that higher infiltration capacity of 
pasture soils over saturated marshland cause runoff volume to decrease as marshland is 
converted to pasture. In addition, the data suggests that AGNPS considers changes in land 
surface condition and subsequent increase in water holding capacity as being very
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significant determinants of runoff volume as marshland is converted to pasture.
However, conversion of forested areas to pasture in the North Stann Creek 
watershed resulted in 3.4%, 11.9%, 29%, and 60.4% increases in runoff volume for 10%, 
25%, 50%, and 100% conversions respectively. This is because runoff volume is 
primarily determined by interception, surface storage, soil infiltration capacity, and 
evapotranspiration rates. The greater the interception o f precipitation by vegetation and 
forest litter, the greater the volume of water available for evaporation from exposed 
surfaces therefore decreasing the volume of water available for runoff. Vegetation density 
and the presence of forest litter indicate that interception losses would be greater for 
forested areas than for pasture. Consequently, converting forested areas to pasture 
increases runoff volume.
At the Double Run subwatershed, conversion of 100%, 50%, 25%, and 10% of 
marshland to pasture resulted in 24%, 12%, 6%, and 2% decreases in peak discharge rate 
respectively. This indicates that maximum discharge rates is lower for pasture than it is 
for marshland. The primary reason for this is the saturated conditions of marshland which 
reduces infiltration and thus increases runoff volume.
At the North Stann Creek watershed, conversion of 100%, 50%, 25%, and 10% of 
the forested areas to pasture resulted in 236%, 102%, 29%, and 6% increases in peak 
discharge rate, respectively. These results demonstrates the importance of forested areas 
in attenuation of runoff volume. Peak discharge rates increase significantly as forest is 
converted to pasture. This could lead to flooding and deterioration of potable water 
quality for residents within the watershed. Consequently, health problems related to water
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borne diseases would have a negative effect productivity and the quality of life for 
residents in the watershed.
At the Double Run subwatershed, relationships between sediment loads and the 
conversion o f marshland to pasture show no consistent trend. Conversion of 10%, and 
25% marshland to pasture resulted in increases in sediment loads of 62%, and 100%, 
respectively. While conversion of 50% and 100% marshland to pasture show increases in 
sediment loads of 96% and 87% respectively. This may indicate that there is a certain 
threshold maximum reached as marshland is converted to pasture. The data show that the 
highest sediment load occurs when 25% of the marshland is converted to pasture. 
However, as the percentage of forest converted to pasture increases beyond 25%, the 
sediment load decreases to a minimum of 87% above the base value. This general trend is 
consistent with prevalent theoretical knowledge (Brooks et al., 1994), however the initial 
increase at 25% conversion is difficult to explain. Investigation of the two principal 
proceses involved in sediment delivery may provide an insight to this dilema. There is a 
balance between sediment generation (erosion rates) and sediment transport processes 
within a watershed. Watershed area under pasture serve as the source of sediment while 
marshland attenuates sediment delivery. The data suggest that at 25% conversion of 
marshland to pasture, optimal conditions are created for sediment delivery. No 
consistent trend is observed between sediment loads and the conversion of forest to 
pasture in the North Stann Creek watershed. Conversion of 10%, 25%, and 100% of 
forested areas to pasture resulted in decreases in sediment loads of 17%, 15% and 34%, 
respectively. While conversion of 50% of the forested areas to pasture show an increase in
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sediment loads of 2%. The decrease in sediment yield as forested areas are converted to 
pasture may be explained by differences in land surface condition. Although the 
establishment of pasture initially increases erosion as land surface is exposed to erosive 
rainstorms, soil compaction after the establishment of pasture may reduce erosion rates. 
The increase in sediment yield at 50% conversion of forest to pasture may be a function of 
optimal conditions created with the combination of both land use. This data refers 
specifically to the North Stann Creek watershed and the size, and geographic location of 
the forested areas within the watershed does affect the model output.
At Double Run, conversion of marshland to pasture had no significant effect on 
nitrogen loads to receiving water reaches. The concentration of nitrogen decreased at 10% 
then remained constant at 25%, 50%, and 100% conversion of marshland to pasture. This 
is primarily because nitrogen loads in runoff is determined by soil type and a constant 
extraction coefficient (AGNPS manual). Since both of these parameters remain constant 
regardless of land use, nitrogen loads also remain constant However, the small deviation 
at 10% may be explained by the fact that land use does affect the availability of nutrients 
and subsequently, nutrient loads to receiving water reaches.
In general, it can be assumed that conversion of forested areas to pasture in the 
North Stann Creek watershed decreased nitrogen loads to receiving water reaches. The 
most significant decrease occurred at 10%. However, no consistent trend was observed for 
25%, 50%, and 100% conversion of forested areas to pasture.
Results for the conversion of forested areas (North Stann Creek watershed) or 
marshland (Double Run subwatershed) to milpa are shown in Table 3.4c-d.
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Runoff (m3) 1.15 xlO7 1.13 x 107 1.10 x 107 1.04 xlO7 9.35 x 106
Peak Q (m3/sec) 212.2 208.6 203 192.4 173.4
Sediment (kg) 1.01 x 10s 4.41 x 10s 5.94 x 105 5.73 x 10s 5.33 x 10s
Nitrogen (kg) 3497 1049.1 1398.8 1398.8 1223.9
Table 3.4d: Results of AGNPS simulations for the conversion of forested areas to milpa in 
















Runoff (m3) 8.29 x 10* 8.65 x 106 9.64 x 106 1.14 x 107 1.47 x 107
Peak Q (m3/sec) 371.6 412.5 573.3 923.6 1726.5
Sediment (kg) 2.56 x 10® 3.62 x 10* 6.29 x 10® 1.16 x 109 2.36 x 109
Nitrogen (kg) 2.43 x 10s 2.96 x 10s 4.77 x 10s 8.97 x 10s 1.80 x 106
Conversion of 100%, 50%, 25%, and 10% of marshland within the Double Rim 
subwatershed to milpa plantation results in 19%, 10%, 4%, and 2% decreases in runoff 
volume respectively. Simulations also show that conversion of marshland to milpa 
plantation decrease peak discharge rates and nitrogen loads. Maximum discharge 
decreased by as high as 18% while nitrogen loads decreased by over 70%. However, this 
same treatment caused an increase in total sediment loads as much as five times higher 
than the base value. This occurring when 25% of marshland is converted to milpa 
plantation.
Conversion of forested areas of the North Stann Creek watershed to milpa
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plantation increased runoff volume, peak discharge, sediment and nitrogen loads. 
Conversion o f 100% of the forested areas to milpa caused increases of all the parameters 
by an order of magnitude.
Simulation results for the conversion o f marshland or forest to mechanized 
agriculture are shown in Table 3.4e-f.
Table 3.4e: Results of AGNPS simulations for the conversion of marshland to mechanized
















Runoff (m3) 1.15 x 107 1.15 x 107 1.15 xlO7 1.15 x 107 1.15 x 107
Peak Q (m3/sec) 212.2 212.2 212.2 212.2 211.4
Sediment (kg) 1.01 x 10s 4.48 x 10s 6.20 x 105 6.20 x 10s 6.16 x 105
Nitrogen (kg) 3497 1223.9 1398.8 1398.8 1398.8
Table 3.4f: Results of AGNPS simulations for the conversion of forested areas to 
















Runoff (m3) 8.29 x 106 9.07 x 106 1.09 x 107 1.37 x 107 1.93 x 107
Peak Q (m3/sec) 371.6 448.2 686.5 1182.2 2311.9
Sediment (kg) 2.56 x 10* 3.99 x 10® 7.74 x 10* 1.48 x 109 2.97 x 109
Nitrogen (kg) 2.43 x 105 3.06 x 10s 5.48 x 105 1.10 x 106 2.22 x 106
Conversion of marshland within the Double Run subwatershed to mechanized 
agricultural farms has little or no effect on runoff volume and peak discharge rate. This 
may be because marshland represents maximum soil saturation. Therefore runoff rate and 
volume cannot be increased from these optimal values by land conversion to agriculture.
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However, this conversion increased sediment loads between three and five times the base 
value. Nitrogen loads also increased significantly as a result of the conversion.
Forest conversion to mechanized agricultural farms in the North Stann Creek 
watershed show that runoff volume, peak discharge rate, sediment, and nitrogen loads 
increase as forested areas is converted to mechanized agricultural farms. Conversion of 
forest to pasture resulted in increases in these parameters by an order of magnitude.
Data from the Ministry of agriculture show that land under citrus cultivation has 
increased significantly over the past twelve years. The data show that in 1988 
approximately 13,849 acres of land in the Stann Creek District was under citrus 
cultivation. While in 1999 over 60,000 acres was cultivated with citrus. This represents a 
333% increase in the past twelve years (Table 3.5).
Table 3.5: Increases in citrus production from 1988 to 1999. (Data obtained from the
YEAR ORANGE GRAPEFRUIT TOTAL INCREASE
1988 10,670 3,179 13,849 -
1989 17,000 8,000 25,000 0.80
1990 25,000 8,000 33,000 1.38
1991 28,000 11,700 39,700 1.87
1992 30,000 12,000 42,000 2.03
1993 37,500 12,500 50,000 2.61
1997 48,441 8,497 56,938 3.11
1998 48,441 8,497 56,938 3.11
1999 50,000 10,000 60,000 3.33
Deforestation is an inevitable consequence of this increase in citrus cultivation which is
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expected to affect runoff volume, sediment and nutrient loads within the North Stann 
Creek watershed.
AGNPS simulation of the increases in runoff, peak discharge, sediment, and 
nitrogen loads as a result of this increased cultivation is shown in Table 3.6. Conditions in 
1999 is represented as 50% conversion of the forested areas of the North Stann Creek 
watershed to mechanized agriculture. These AGNPS simulations were conducted for a 
representative rainstorm of 113 mm over a 24 horn period.
Table 3.6: A comparison of hydrological consequences of increased citrus production in 
the North Stann Creek watershed.
Param eter Conditions in 
1988
Conditions in 1999 Increase
Runoff Volume (m3) 8.29 E6 1.37 E7 5.41 E6
Peak discharge (m3/sec) 371.6 1182.2 810.6
Sediment loads (kg) 2.56 E8 1.48 E9 1.22 E9
Nitrogen loads (kg) 2.43 E5 1.10 E6 8.57 E5
Phosphorus loads (kg) 1.21 E5 5.52 E5 4.31 E5
The data show that runoff volume increased by 65%, peak discharge rate by 218%, 
sediment loads by 477%, nitrogen loads by 353%, and phosphorus loads by 356%. This 
data represent increases in parameters for one storm. The importance of increased citrus 
production can be seen if annual quantities o f runoff, sediment and nutrients are assessed.
3.2.1 AGNPS Simulation o f Extreme Rainstorm Events.
The effects of extreme rainstorm events on water quality and flooding within the 
North Stann Creek watershed could imperil residents and coastal ecosystems, especially 
the Belize barrier reef. Although the long term effects of sediment plumes on Belize’s
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coastal ecosystem are unknown, empirical observations suggest negative effects on 
mangrove, sea grass, and coral reef productivity (Heyman and Kjerfve, 1999). These 
negative effects on the aquatic ecosystem are related to pollutants adsorbed on sediment 
and an increase in turbidity which affects viability of aquatic plants. Bathymetric data 
offshore of Dangriga show sea water depths between 10 and 20 m flowing south towards 
the Bay of Honduras at a rate o f 1-2-knots (Heyman and Kjerfve, 1999). Runoff from 
extreme events may affect salinity and the turbidity of sea water (volume estimate is 2.5 x 
109 m3) within the Port Honduras Basin (Heyman and Kjerfve, 1999). This sudden 
fluctuation in salinity, nutrient loads, sediment loads, temperature and turbidity may be the 
cause of several fish kills experienced in the Port Honduras basin over the past five years.
AGNPS simulations were conducted for rainstorms with return periods of 2, 5, 10, 
25, 50, and 100 years (Table 3.7). The magnitude of these extreme events were 
determined from an analysis o f data from Melinda Forest Station and frequency-duration 
curves from other Caribbean locations (Puerto Rico). Data from Melinda Forest station 
show that the largest storm on record was 173.6 mm in twenty-four hours. These large 
storms are generally associated with tropical disturbances. Hurricane Keith, for example, 
recorded over 559 mm of rainfall over a three day period, resulting in severe flooding, loss 
of livestock, agricultural crops, and displacement of people living along the Belize and 
New rivers.
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Table 3.7: AGNPS simulation of extreme events for the North Stann Creek watershed.
Parameter Return Periods for Extreme Rainstorm Events
Return period 2 years S years 10 years 25 years SO years 100 years
Rainfall (mm) 113 148 201 244 274 305
Runoff (m3) 9.7 E6 1.3 E7 2.0 E7 2.7 E7 3.2 E7 3.8 E7
Peak Q (m3/sec) 371.6 923.7 2030.7 3082.9 3863.9 4696.4
Sediment (kg) 2.S6E8 7.83 E8 3.03 E9 6.17 E9 9.22 E9 1.32 E10
Nitrogen (kg) 2.43 E5 5.38 E5 1.89 E6 3.43 E6 4.84 E6 6.63 E6
3 3  Annual Loads of Nitrogen and Sediment Based on AGNPS.
3.3.1 Analysis ofRainfall Data for Designation o f Wet and Dry Seasons.
Traditionally the months of June to December and January to May are the wet and 
dry seasons, respectively, in Belize. Although it is unclear what factors are considered in 
this designation, total precipitation and soil moisture condition are important criteria. The 
importance of these two factors is that they directly influence runoff generation and 
flooding potential in a watershed (Brooks et al., 1994). The following analysis is based on 
daily cumulative rainfall data from the Belize International Airport and the Melinda 
Weather Station (Table 3.8a,b). Rainstorms were categorized into magnitudes of less than 
10 mm, between 10 and IS mm, and greater than IS mm. A frequency analysis was 
conducted on data from the Melinda Weather Station to estimate magnitudes of 24-hour 
storms with return periods two and of five years. A comparison with other Caribbean 
locations gave estimates for storms with return periods of 10,2S, and SO years.
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Jan. 87 16 21 4 128 11
Feb. 78 9 14 2 103 8
March 47 4 7 2 60 5
April 42 2 11 4 59 5
May 54 9 7 2 72 6
June 75 7 11 5 98 8
July 83 14 24 5 126 . 10
Aug. 112 17 26 1 156 13
Sept. 97 14 19 11 141 12
Oct. 57 10 19 0 86 7
Nov. 68 5 19 6 98 8
Dec. 68 8 12 1 89 7
Total 868 115 190 43 1216 100
% of
Total
71.4 9.5 15.6 3.5 - -
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Jan. 108 20 25 12 165 9
Feb. 104 4 8 1 117 6.3
March 69 3 9 2 83 4.5
April 68 6 9 5 88 4.8
May 73 6 14 2 95 5.1
June 113 15 42 9 179 9.7
July 150 11 35 9 205 11.1
Aug. 115 23 41 6 185 10
Sept. 123 30 44 16 213 11.5
Oct. 113 22 37 12 184 10
Nov. 101 17 56 14 188 10
Dec. 99 16 26 3 144 7.8
Total 1236 173 346 91 1846 100
% of
Total
67 9.4 ^ 18.7 4.9 - -
Data collected from the International Airport and Melinda Forest Station show the same 
general trend. The data suggest that there was a total o f 1,216 and 1,846 storms over this 
eleven-year period recorded at the Belize International Airport and Melinda Forest station 
respectively. Approximately 71.4% of rainstorms recorded at the Airport were less than 
10 mm, 9.5% between 10 and 15 mm, 15.6% between 15 and 50 mm, and only 3.5% were 
greater than 50 mm. At Melinda Forest Station, 67% o f the rainstorms were less than 10 
mm, 9.4% between 10 and 15 mm, 18.7% between 15 and 50 mm, and 5% were greater 
than 50 mm. Although data from Melinda Forest Station show a slightly higher
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percentage o f storms of large magnitudes, data from both stations suggest that most of the 
annual precipitation occur in many rainstorms of very small magnitudes. Theoretically, 
these storms should generate very little runoff, especially those that occur in the dry season 
(unless soils are crusted with reduced vegetation cover) and consequently, they would 
have little impact on sediment and nutrient loads to stream reaches within either the 
Double Rim subwatershed or the North Stann Creek watershed.
The data also show that based on precipitation magnitudes alone, designation of a 
wet and dry season is difficult At both stations, the months of March, April, and May 
have the least number of storms and cumulative depth of precipitation. This corresponds 
with the traditional designation as dry months. However, at the Airport January and 
February show many storms, most of which are of large magnitudes. These months have 
even more rainfall than June, October, November and December, months generally 
considered to be in the wet season. The Airport record suggests that based on storm depth 
alone, the dry season show a bimodal pattern, occurring from March to June, and from 
October to December. At Melinda Forest Station, February to May show significantly less 
rainfall than the other months. Records from both stations show that July, August and 
September are the months with the highest rainfall and are correctly placed in the wet 
season.
Despite the occurrence of few rainstorms in October, November and December, 
this period may still be considered in the wet season. This is because the soil is saturated 
from the heavy rains of the previous months and most of the rainfall produce significant 
runoff. However, the soil moisture deficit increases with time and although there are
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significant quantities of rainfall in January and February, these are still considered dry 
months. This is presumably because rainfall in these months generates little runoff as soil 
moisture deficit and infiltration capacity is high. In this study the traditional designation 
of wet and dry seasons will be used since the research objective is to investigate sediment 
and nutrient loads in runoff.
3.3.2 AGNPS Simulation o f Runoff, Nutrient and Sediment Loads.
Dry and wet season simulations were conducted for each of the storm magnitudes 
by changing the CN values from antecedent moisture condition 1 (dry) to 3 (wet). Table 
3.9 shows the consequences o f CN designation on soil water retention and runoff for areas 
designated marsh and forest. As expected, there is greater soil water retention in the dry 
season and consequently less runoff. Although the relative difference in runoff depths is 
similar for storms of magnitude 10 mm and 100 mm, the percentage differences between 
storms are significant This is because the numerical value of the difference is large when 
compared with the smaller storms.
















Wet 94 0.64 85 1.76 9.27 99.2
Dry 70 4.29 51 9.61 6.22 95
Table 3.10 shows the results of AGNPS simulation of runoff, nutrient, and sediment 
loading for the Double Run subwatershed and the North Stann Creek watershed. 
Representative storm frequencies were obtained from twenty-four hour rainfall records at 
the two weather stations.
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Table 3.10a: Results o f AGNPS simulation of runoff, sediment and nitrogen loading for 
the Double Rim subwatershed.



















100 5.5 E6 1.4 E7 702 1000 343.2 524.5 2.6 E5 3.7 E5
90 4.5 E6 1,1 E7 702 874.2 343.2 524.5 2.1 E5 3.1 E5
80 3.6 E6 9.9 E6 530.4 699.4 343.2 349.7 1.7 E5 2.6 E5
70 2.7 E6 8.4 E6 530.4 699.4 171.6 349.7 1.3 E5 2.1 E5
60 1.9 E6 6.9 E6 333..2 524.5 171.6 349.7 9.5 E4 1.7 E5
50 1.2 E6 5.4 E6 171.6 349.7 171.6 174.8 6.5 E4 1.3 E5
40 7.1 E5 4.0 E6 171.6 349.7 0 174.8 3.9 E4 8.6 E4
30 3.2 E5 2 6  E* 171.6 174.8 0 174.8 1.8 E4 5.3 E4
20 1.6 E5 1.4 E6 0 174.8 0 0 1.4 E3 2.7 E4
10 7.9 E4 3.6 E5 0 0 0 0 304.8 7.0 E3
Total 2.1 E7 | 6.4 E7 | 3312.8 4846.5 | 1544.4 2622.5 [ 9.9 E5 1.6 E6
Table 3.10b: Results of AGNPS simulation of runoff, sediment and nitrogen loading for 
the North Stann Creek watershed.



















100 8.3 E8 3.1 E9 3.2 E4 4.4 E5 1.6 E4 2.2 E5 2.5 E7 4.7 E8
90 6.5 E8 2.6 E9 1.6 E4 3.2 E5 7.8 E3 1.6 E5 1.2 E7 3.1 E8
80 4.9 E8 2.2 E9 1.8 E4 2.1 E5 9.1 E3 1.0 E5 1.3 E7 1.9 E8
70 3.6 E8 1.8 E9 3.4 E4 1.2 E5 1.7 E4 5.9 E4 1.9 E7 I.0E8
60 2.2 E8 1.5 E9 4.2 E4 7.8 E4 2.1 E4 3.9 E4 2.2 E7 5.5 E7
50 1.4 E8 1.1 E9 3.5 E4 4.8 E4 1.8 E4 2.4 E4 1.8 E7 2.8 E7
40 5.9 E7 7.7 E8 2.3 E4 2.3 E4 1.2 E4 1.2 E4 1.2 E7 1.1 E7
30 2.0 E7 4.7 E8 7.2 E3 6.3 E3 3.8 E3 3.1 E3 4.7 E6 3.1 E6
20 ••• 2.2 E8 3.8 E3 4.1 E3 1.9 E3 2.2 E3 2.2 E6 1.9 E6
10 ••• 4.0 E7 ••• 1.6 E3 ••• 938 ••* 4.3 E5
Total | 2.8 E9 1.4 E10 2.1 E5 1.3 E6 1.1 E5 6.2 E5 1.3 E8 1.2 E9
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Volume of runoff was obtained by multiplying depth of runoff by the area o f the 
watershed (1.56 x 10* m2 for Double Run and 2.79 x 10* m2 for North Stann Creek).
Model output of nitrogen and phosphorus concentrations in sediment (lbs/ac.) were 
converted to mass (kg) and sediment loads in tons were converted to kilograms.
Runoff volume increases with rainstorm depth. Simulation results show that more 
runoff is generated in the wet season than in the dry season even for storms o f the same 
magnitude. This is because the CN method used by the AGNPS model simply attributes 
greater soil water retention for dry conditions and therefore less runoff (S=[1000/CN]-10). 
Although this is a reasonable assumption it does not represent possible increased runoff 
due to soil crusting and reduced vegetation cover in the dry season. These extreme 
conditions could occur in pine forests after a fire. In the North Stann Creek watershed, no 
runoff is generated for the 20 mm and 10 mm storms in the dry season. Approximately 
83% of the total runoff for all of the representative storms in this watershed occurred in the 
wet season. While in the Double Run subwatershed 75% of the total runoff, occurred in 
the wet season. Simulations for both watersheds show that most of the storms generating 
runoff occurs in the wet season.
Nitrogen and phosphorus loads generally increases with an increase in storm 
magnitude. Wet season simulations resulted in significantly greater nutrient loads to the 
conveyance network for both watersheds. There is a bigger difference in nitrogen and 
phosphorus loads between seasons for the North Stann Creek watershed than for the 
Double Run subwatershed. Approximately 86% of the total nitrogen loads and 
phosphorus loads occurred in the wet season at the North Stann Creek watershed, only
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59% nitrogen and 63% of the total phosphorus loads occurred in the wet season at the 
Double Run subwatershed. The data also indicate that there is a more significant 
difference between wet and dry season nutrient loads for storms of large magnitudes.
In general, the percentage increase in sediment loads reflects the increase in runoff 
with storm magnitudes. The data suggest that wet season rainstorms result in greater 
sediment loads regardless of storm magnitude. In the North Stann Creek watershed and 
Double Run sub watershed, 90% and 62% respectively, of the total sediment loads occur in 
the wet season. The relationship between dry and wet season simulation may not be as 
simple as the AGNPS model predict. It is plausible that dry season storms of large 
magnitudes may generate more sediment than similar storms in the wet season. This is 
because higher temperature in the dry season decreases cohesion between soil particles 
which facilitates dislodgement, dispersion and transport of soil particles (Brooks et al., 
1994; Foster et al., 1981). This factor is not considered by AGNPS. Extreme conditions 
like the significant decrease in vegetation cover, and the formation of soil crusts were also 
not considered by AGNPS as potential factors contributing to increased volume of runoff 
in the Dry season.
3.3.3 Comparison ofAnnual Nitrogen and Sediment Loads for Storms Less Than and 
Greater Than 20 mm.
Rainfall records from Belize International Airport and Melinda Forest Station were
analyzed to obtain rainstorm characteristics of frequency and storm magnitudes, within 
wet and dry seasons. Annual load of nitrogen for a specific storm type was calculated 
using the following formula:
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Total N  —{ [N]Cooccurrence in dry season) + [N]Cooccurrence in wet season) x (total 
number o f storms)}.
Where [N] is the concentration of nitrogen determined for a specific storm depth in a
particular season (Table 3.11). The sum of total nitrogen loads for all storm classes was
divided by 11. This was to obtain a yearly value since the rainstorm record used was for a
period of 11 years. The sum of nitrogen loads for the dry and wet seasons was used to
determine the percentage nitrogen load for each season. This percentage was then
multiplied by the yearly load to calculate seasonal loads. Annual sediment load was
calculated using a similar procedure (calculations are shown in Appendix 18).
Table 3.1 la: Calculation of annual nitrogen and sediment loads for the dry and wet 
seasons for the Double Run subwatershed.
Rainstorm Characteristics Nitrogen Loads Sediment Loads
Frequency %occurrence Nitrogen (kg) Sediment (kg)
Depth Wet Dry Wet Dry Wet Dry Total Wet Dry Total
100 3 4 43 57 430 400 5810 1.72 E5 1.48 E5 2.24 E6
90 3 1 75 25 655.7 175.5 3324.8 2.54 E5 5.25 E4 1.23 E6
80 0 2 0 100 0 530.4 1060.8 0 1.70 E5 3.40 E5
70 7 1 88 12 615.5 63.6 5432.8 2.02 E5 1.56 E4 1.74 E6
60 5 2 71 29 372.4 99.5 3303.3 1.29E5 2.76 E4 1.20 E6
50 11 4 73 27 255.3 46.3 4524 1.00 E5 1.76 E4 1.76 E6
40 11 6 65 35 227.3 60.1 4885.8 6.20 E4 1.37 E4 1.29 E6
30 30 15 67 33 117.1 56.6 7816.5 3.97 E4 5.94 E3 2.05 E6
20 45 24 65 35 113.6 0 7838.4 1.92 E4 490 1.36 E6
10 116 55 68 32 0 0 0 5.41 E3 97.5 9.42 E5
Total 231 114 - - 2786.9 1432 4.4 E4 9.8 E5 4.5 E5 1.42 E7
Yearly 21 10 - - 2640 136Q . 4000 8.9 E5 4.0 E5 1.29E6
% Tot 68 32 - - 66 34 100 69 31 100
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Table 3.1 lb: Calculation of annual nitrogen and sediment loads for the North Stann Creek
watershed during the dry and wet seasons.
Rainstorm Characteristics Nitrogen Loads Sediment Loads
Frequency %occurrence Nitrogen (kg) Sediment (kg)
Depth Wet Dry Wet Dry Wet Dry Total Wet Dry Total
100 16 3 84 16 3.7 E5 5.1 E3 7.1 E6 4.0 E8 4.0 E6 7.6 E9
90 5 1 83 17 2.7 E5 2.7 E3 ” 1.6 E 6‘ 2.6 E8 2.0 E6 1.6 E9
80 16 2 89 11 1.9 E5 2.3 E4 3.8 E6 1.7 E8 1.4 E6 3.1 E9
70 7 3 70 30 8.4 E4 1.0 E4 9.4 E5 7.0 E7 5.7 E6 7.6 E8
60 15 6 71 29 3.0 E4 1.2 E4 8.8 E5 3.9 E7 6.4 E6 9.6 E8
so 12 7 63 37 3.0 E4 13 EA 8.2 E5 1.8 E7 6.7 E6 4.6 E8
40 33 13 72 28 1.7 E4 6440 1.1 E6 7.9 E6 3.4 E6 5.2 E8
30 65 9 88 12 5544 864 4.7 E5 2.7 E6 5.6 E5 2.4 E8
20 101 24 81 19 3321 722 5.1 E5 1.5 E6 4 2  E5 2.5 E8
10 214 58 79 21 1264 0 3.4 E5 3.4 E5 0 9.3 E7
Total 484 126 - - 1.0 E6 7.4 E4 1.8 E7 9.7 E8 3.1 E7 1.6 E10
Yearly 44 11 - - 1.5 E6 1.1 E5 1.6 E6 1.4 E9 4.5 E7 1.5 E9
%Tot. 80 20 - - 93 7 100 97 3 100
Table 3.11 show the results of the procedure used to calculate the annual loads of 
nitrogen and sediment based on AGNPS model simulations. The data show that
management practices attempting to limit nitrogen and sediment loads to streams within 
the Double Run subwatershed and the North Stann Creek watershed must focus on the wet 
season scenario. At Double Run approximately 68% of all rainstorms occur in the wet 
season and 32% in the dry season. Thirty-one storms of depths between 10 mm and 100 
mm occur annually. Twenty-one in the wet season and ten in the dry season. The annual 
nitrogen and sediment loads are estimated at 4.0 x 103 kg and 1.29 x 106 kg, respectively. 
Data from North Stann Creek show 80% of all rainstorms occurring in the wet season and
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only 20% in the dry season. Fifty-five storms of depths between 10 mm and 100 mm 
occur annually. Forty-four in the wet season and eleven in the dry season. The annual 
nitrogen and sediment loads for North Stann Creek are estimated at 1.6 x 106 kg and 1.5 x 
109 kg respectively.
The annual percentage contribution of each storm type to nitrogen and sediment 
loads were calculated for each of the watersheds (Table 3.12).
Table 3.12: Percentage annual contribution of nitrogen and sediment for each of the storm
Storm Type Double Run subwatershed North Stann Creek Watershed
Depth Nitrogen loads Sediment loads Nitrogen loads Sediment
loads
(mm) Total % Total % Total % Total %
100 5810 13.2 2.24 E6 15.8 7.10 E6 40.3 7.60 E9 48.7
90 3324.8 7.6 1.23 E6 8.7 1.60 E6 9.1 1.60 E9 10.3
80 1060.8 2.4 3.40 E6 2.4 3.80 E6 21.6 3.10 E9 19.9
70 5432.8 12J 1.74 E6 12.3 9.40 E5 5.3 7.60 E8 4.9
60 3303.3 7.5 1.20E6 8.5 8.80 E5 5 9.60 E8 6.2
50 4524 10.3 1.76 E6 12.4 8.20 E5 4.7 4.60 E8 2.9
40 4885.8 11.1 1.29E6 9.1 1.10 E6 6.3 5.20 E8 3.3
30 7816.5 17.8 2.05 E6 14.4 4.70 E5 2.7 2.40 E8 1.5
20 7838.4 17.8 1.36 E6 9.6 5.10 E5 2.9 2.50 E8 1.6
10 0 0 9.42 E5 6.6 3.40 E5 1.9 9.30 E7 0.6
This data suggest that at Double Run, storms of magnitude 20 mm or less account for 18% 
of the annual nitrogen loads and only 16% of the annual sediment loads. Storms of 
magnitude greater than 20 mm accounted for 82% of annual nitrogen loads and 84% of the 
annual sediment loads. While at North Stann Creek, storms of magnitude 20 mm or less
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account for only 5% of the annual nitrogen loads and 2% of the annual sediment loads. 
Storms of magnitude greater than 20 mm accounts for 95% of annual nitrogen loads and 
98% of the annual sediment loads. This difference between watersheds may be attributed 
to the larger number of storms of magnitudes 80 to 100 mm occurring in each watershed. 
Forty-three such storms were recorded at North Stann Creek and only 13 were recorded at 
Double Run. This resulted in higher runoff generation from these, larger storms and 
subsequently, higher nitrogen and sediment loads. However, differences in soil, 
vegetation and other watershed characteristics does contribute to the nitrogen and 
sediment loads.
There is no consistent relationship between nitrogen or sediment load and 
rainstorm depth. At Double Run, rainstorms between 100-80 mm account for 23% and 
27% of the annual nitrogen and sediment loads respectively. While storms between 30-10 
mm account for 36% of the annual nitrogen load and 31% of the annual sediment load. 
North Stann Creek data show storms between 100-80 mm accounting for 71% and 79% of 
the annual nitrogen and sediment loads respectively. While storms between 30-10 mm 
only accounting for 8% of the annual nitrogen load and 4% of the annual sediment load.
In general, simulations for both watersheds show that large storms result in higher 
percentage sediment while smaller storms have higher percentage nitrogen. This is 
because nitrogen concentration in runoff is dependent on a constant extraction factor and 
therefore a maximum value is obtained.
Data from Double Run suggest that the cumulative nonpoint source nitrogen and 
sediment loads for rainstorms of magnitude less than 30 mm is slightly higher than that for
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rainstorms of magnitude 80 mm or greater. However, data from North Stann Creek show 
that the cumulative nonpoint source nitrogen and sediment loads for rainstorms of 
magnitude less than 30 mm is significantly lower than that for rainstorms of magnitude 80 
mm or greater. The dilemma of deciding which category of storm is the more significant 
contributor to sediment and nitrogen loads may be resolved by looking at the distribution 
pattern of storms. The greater the number of storms with large magnitudes, the more 
significant those storms are in determining nitrogen and sediment loads.
The AGNPS model simply attribute less runoff for storms in the dry season than 
those in the wet season. Therefore, sediment and nitrogen loads are always less for storms 
in the dry season than those in the wet season. Rainstorm data did not allow manipulation 
of storm intensities which would have further enabled differentiation between wet and dry 
season storms. Proper watershed management of Double Run and North Stann Creek 
must evidently focus on measures to limit nitrogen and sediment loads to stream reaches 
especially in the wet season. Constructions of reservoirs and erosion control structures are 
possible methods for limiting high nutrient and sediment loads to receiving streams. 
However, the high cost of construction and maintenance of these engineering solutions 
may be unrealistic. The implementation of various agronomic solutions may provide a 
feasible, cost-effective option. These include use of cover crops (close growing legumes 
or small grain), buffer zone (dependent on slope, soil, climate, and drainage area), critical 
area planting (planting vegetation on highly erodible areas), residue use (spread leaves on 
cultivated soil, mulching), delayed seedbed preparation (maintain vegetation as long as 
possible to minimize splash erosion in rainy season), strip cropping (growing crops in
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bands across the general slope), and crop rotation (conservation cropping for providing 
adequate organic residue) (Caribbean Environment Programme Technical Report #41, 
1998).
3.4 Empirical Mass Balance Method for the Determination of Nitrogen 
Concentration in Runoff.
The proposed empirical mass balance procedure estimates nitrogen concentration 
in runoff based on nitrate concentration obtained from samples taken directly from the 
river. Concentration o f nitrogen (or any other parameter) determined by sampling the 
conveyance network does not accurately reflect concentration of these parameters in 
surface runoff. This is because the concentration of nitrogen, or any other water quality 
parameter of the river, is affected by spatial and temporal mixing of that parameter’s 
concentration in baseflow, shallow concentrated flow and surface overland flow.
Therefore, an attempt was made to convert the easily obtainable nitrogen concentration in 
the conveyance network, to concentration in surface runoff. Concentration of nitrogen in 
surface runoff directly addresses nonpoint source loading of nitrogen to rivers and will be 
an important factor in the determination of pollution at the watershed scale.
The proposed method for calculating nonpoint source nitrogen loads to the 
conveyance system, require that the following assumptions be made:
1) Area o f the delineated Double Rim subwatershed is 1.56 x l( f  m2.
2) Volume o f runoff (m3) is determined by the distributed curve number method o f 
AGNPS, a composite curve number, and the average hydrologic response of 
the sub watershed
3) The depth o f precipitation used is that recorded at the International Airport 
weather station.
3) The initial mass (mg) o f nitrogen in the river is the product o f the hydraulic
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volume o f the river and the initial nitrogen concentration (ppm). Where the 
hydraulic volume is calculated as 2.50 x 107 m3 (Lx Wx D; 25,000 m x 200 m 
x 5 m).
4) Total volume ofwater in the river (m3) is the sum o f the runoff volume and 
the hydraulic volume.
5) The final mass ofnitrogen in the river is the product o f the total volume 
o f water in the river and the final nitrogen concentration.
6) The mass o f nitrogen in runoff is the difference between the initial andfinal 
mass.
7) The concentration ofnitrogen in runoff is the mass divided by the volume of 
runoff.
Table 3.13 present data used for calculating nitrogen concentration in runoff for specific 
rainstorms using the empirical mass balance method. Initial and final nitrate 
concentrations were determined for water samples collected directly from the river before 
and during specific rainstorm events. The highest nitrate concentration obtained for each 
storm was taken as the final concentration.
The volume of surface runoff was obtained using the following three methods; 
distributed curve numbers used in the AGNPS model, a composite curve number for the 
entire subwatershed, and an estimated hydrologic response for the subwatershed based on 
rainfall/runoff records. In the distributed curve number approach each of the ninety-two 
cells in the subwatershed is assigned a unique curve number (Appendix 9). The composite 
curve number was obtained as a weighed average of all the curve numbers (of cells) in the 
subwatershed.
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23/11/97 40 4.2 7.3 2.14 xlO 6 2.02 x 106 1.81 x 106
24/11/97 65.9 7.3 9.6 5.11 xlO6 4.99 x 106 2.98 x 106
26/11/97 20 4.2 4.4 4.75 x 105 3.12 x 10s 9.05 x 10s
12/12/97 102.1' 4.0 15.7 9.95 x 106 9.83 x 106 4.62 x 106
3/1/98 47 4.0 10.8 2.89 x 106 2.81 x 106 2.12 x 106
25/6/98 5.5 " 4.0 15 none ' 4.68 x 104 2.50 x 105
28/6/98 4.1 4.0 11 none 9.36 x 104 1.87 x 10s
1/7/98 12.1 4.0 7 1.19 x 105 3.12 x 104 8.46 x 10s
24/7/98 16.6 4.0 4.0 2.77 x 10s 7.80 x 104 7.49 x 10s
26/7/98 20.4 4.0 4.0 5.15 x 10s 3.59 x 105 9.20 x 105
27/7/98 21.2 4.0 5 5.55 x 105 4.68 x 104 9.52 x 105
29/7/98 9.6 4.0 10 7.92 x 104 1.58 x 103 4.34 x 10s
Table 3.14 shows the parameters used in calculating this average curve number. Surface 
runoff was calculated using the Soil Conservation Service curve number method which 
describes average conditions and does not account for rainfall duration or intensity (USDA 
Technical Release SS, June 1986). The method also assumes that the initial abstraction is 
20% of the potential maximum water retention after runoff begins (USDA Technical 
Release 55, June 1986). Although this method cannot be used to simulate extreme 
rainstorm events, it is reasonable for use in the both the North Stann Creek watershed and 
Belize River subwatershed. This is because conditions within the watersheds does not
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indicate larger or reduced initial abstraction due to the presence of large impervious areas 
or impoundments.
Land Use CN %  Area of Subwatershed Weighed Average
Forest with heavy 
litter
70 4.35 304.5
Marshland 85 90.2 7667
Water 100 5.4 540
Total - 100 85
The average hydrologic response of the subwatershed was estimated at 29% (Table 2.3). 
This suggests that an average of 71% of each rainstorm is lost through transmission, 
infiltration, and evapotranspiration. Surface runoff was estimated by multiplying the 
subwatershed area by 29% of the rainstorm depth. Calculations of nitrogen concentration 
in runoff for each rainstorm event can be seen in Appendix 12.
Table 3.15, 3.16 and 3.17 show nitrogen concentration in surface runoff calculated 
using runoff volume estimated by the distributed curve number, composite curve number 
and hydrologic response methods.
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Table 3.15: Calculation of nitrogen concentration based on runoff volume computed by




of N 03* in 
River (mg)
Final mass 
of N 03 in 
River (mg)









23/11/97 1.05 x 10" 2.28 x 10" 1.23 x 10" 57.5 13
24/11/97 1.83 x 10" 3.39x10" 1.56x10" 30.5 6.9
26/11/97 1.05 x 10" 1.10x10" 5.00 x 109 10.5 2.4
12/12/97 1.00 x 10" 6.42 x 10" 5.42 x 10" 54.5 12.3
3/1/98 1.00 x 10" 2.70 x 10" 1.70 x 10" 58.8 13.3
1/7/98 1.00 x 10" 1.88 x 10" 8.82 x 10'° 741 167
24/7/98 1.00 x 10" 1.10x10" 1.04 x 10l° 37.4 8.4
26/7/98 1.00 x 10" 1.00x10" 3.18 x 106 0.006 0.001
27/7/98 1.00 x 10" 1.42 x 10" 4.15 x 1010 74.8 16.9
29/7/98 1.00 x 10" 2.65 x 10" 1.65 x 10" 2083 470
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Table 3.16: Calculation of nitrogen concentration based on runoff volume computed using




of NOj' in 
River (mg)
Final mass 











23/11/97 1.05x10" 2.28 x 10" 1.23 x 10" 60.9 13.7
24/11/97 1.83 x 10" 3.39x10" 1.56x10" 31.3 7
26/11/97 1.05 x 10" 1.10x10" 5.00 x 109 16 3.6
12/12/97 1.00 x 10" 6.42 x 10" 5.42 x 10" 55.1 12.5
3/1/98 1.00 x 10" 2.70 x 10" 1.70 x 10" 60.5 13.7
1/7/98 1.00 x 10" 1.88x10" 8.82 x 10'° 2827 638
24/7/98 1.00 x 10" 1.10 x 10" 1.04 x 1010 133 30.1
26/7/98 1.00 x 10" 1.00 x 10" 3.18 x 106 0.009 0.002
27/7/98 1.00 x 10" 1.42 x 10" 4.15 x 1010 886.8 200
29/7/98 1.00 x 10" 2.65x10" 1.65 x 10" 1.04 x 10s 23581
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Table 3.17: Calculation of nitrogen concentration based on runoff volume computed using




of N 03* in 
River (mg)
Final mass 
of NOj' in 
River (mg)









23/11/97 1.05 x 10" 2.28 x 10" 1.23 x 10" 68 15.3
24/11/97 1.83x10" 3.39 x 10" 1.56x10" 52.3 11.8
26/11/97 1.05 x 10" 1.10x10" 5.00 x 109 5.5 1.2
12/12/97 1.00 x 10" 6.42 x 10" 5.42 x 10" 117.3 26.5
3/1/98 1.00 x 10" 2.70 x 10" 1.70 x 10" 80.2 18.1
1/7/98 1.00 x 10" 1.88x10" 8.82 x 10'° 104 23.5
24/7/98 1.00 x 10" l.lO x 10" 1.04 x 10'° 13.9 3.1
26/7/98 1.00 x 10" 1.00x10" 3.18 x 106 0.003 0.0008
27/7/98 1.00x10" 1.42 x 10" 4.15 x 10'° 43.6 9.8
29/7/98 1.00x10" 2.65 x 10" 1.65x10" 380 85.8
Results of regression analysis between the composite and distributed curve number 
methods show an R squared of 0.94 (Appendix 16). This indicates that there is little 
difference between the volumes of runoff generated by the two approaches and 
consequently, the predicted concentration of nitrogen in runoff is also comparable (Table 
3.10). The composite and distributed methods of estimating runoff are expected to yield 
similar results, especially when there is little variability within the watershed.
There is very little correlation between results from the hydrologic response 
method of estimating runoff and the composite or distributed curve number approach. 
Regression analysis show R squared values of 0.18 and 0.26 respectively. Regression of 
AGNPS predictions versus the distributed and composite CN method resulted in R-
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squared values of 0.58 and 0.64 respectively. Complete results of the regression analysis 
between AGNPS prediction and the three methods of runoff estimation are shown in 
Appendix 16.
Calculation of Nash and Sutcliffe’s coefficient of efficiency show that AGNPS 
model prediction of nitrogen concentration in runoff compares favorably with the mass 
balance calculation for all nine storms, if runoff volume is obtained from the AGNPS 
model (Lenzi, and DiLuzio, 1997). Results of nitrogen concentration in runoff for seven 
of nine storms compared favorably between the AGNPS model and the average curve 
number-mass balance calculation. However, only five of nine storms compared favorably 
using the AGNPS prediction and the hydrologic response method. Even fewer 
correlations exit between the average and distributed curve number method versus the 
hydrologic response method. In both cases results of nitrogen concentration for only four 
storms compared favorably (Appendix 16).
There are several reasons for the observed differences between the methods used to 
calculate nitrogen concentration in the runoff and AGNPS predictions. The several 
simplifying assumptions made to calculate nitrogen concentration in runoff may have 
induced errors in the analysis. Water samples were drawn directly from the river and 
analyzed for nitrate concentration at a specific site. This value was then converted to 
nitrogen concentration in runoff using the assumptions previously mentioned for the 
empirical mass balance approach. The results of such calculations are sensitive to 
differences between the initial and final nitrogen concentration in the river. For example, 
if  the initial concentration was 4 mg/L and the final concentration was 10 mg/L, it meant
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that surface runoff accounted for a 6 mg/L increase in the nitrogen concentration of the 
river. Thus, accuracy of the method is dependent on a correct determination of the 
minimum and maximum value for nitrogen concentration during a rainstorm event.
The variability of nitrogen concentration with time may also be a source of error.
This procedure assumes that the maximum concentration obtained in the conveyance
network represents the final concentration in runoff. This ensures that the total nitrogen
concentration obtained for each storm is overestimated. This is because at the beginning
of a storm, nitrogen concentration in runoff may be high but because the volume is small it
would have minimal impact on concentrations in the river. More accurate results would
be obtained if the volume and concentration of nitrogen in runoff could be monitored
throughout the rainstorm. Table 3.18 illustrates the extent to which using the maximum
concentration of nitrogen in runoff overestimates the total loads for a rainstorm.
Table 3.18: The effects of using maximum concentration of nitrogen in runoff on the 
estimation of total loads for rainstorms.
Time (min) Runoff volume (L) Nitrogen (ppm) Total mass (mg)
5 50 4 200
10 150 5 750
15 250 8 2000
20 400 5 2000
25 500 4 2000
Total 1350 - 6950
Using weighed average nitrogen concentration, the nitrogen load for this rainstorm would 
be 6,950 mg. While if the maximum concentration (8 mg/L) was multiplied by the total 
runoff volume (1350 L), the nitrogen load would be 10,800. This suggests that results
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obtained by the empirical mass balance approach represents an overestimation. A more 
realistic value is obtained if  the results of the previous calculations are multiplied by a 
factor of 0.65. Table 3.19 shows that although the AGNPS prediction remain significantly 
lower than the calculated values, estimates from the three methods of runoff generation are 
comparable for seven of the twelve storms when the reduction factor is used. The storms 
of small magnitudes show the greatest differences between methods (5.5,4.1,12.1, and 
9.6 mm). This is understandable since the methods vary significantly in the volume of 
runoff generated from storms of such small magnitudes. It is more difficult to explain the 
large differences seen for the storm of magnitude 21.2 mm.















23/11/97 3.68 8.5 9.9 8.9
24/11/97 2.54 4.5 7.7 4.6
26/11/97 8.17 1.6 0.8 2.3
12/12/97 2.03 8 17.2 8.1
3/1/98 3.2 8.6 11.8 8.9
25/6/98 - - 169 902.9
28/6/98 - - 142.9 285.4
1/7/98 17.78 108.6 15.3 414.7
24/7/98 11.01 5.5 2 19.6
26/7/98 8.03 0.0007 0.0005 0.001
27/7/98 7.62 11 15.1 130
29/7/98 0.0 305.5 55.8 15327.7
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Another source of error may be because the calculation used to decide nitrogen 
concentration in runoff did not account for variation in runoff volume based on antecedent 
moisture conditions and storm intensity. The moisture content of the soil before a 
rainstorm and the storm intensity determines the volume of runoff generated. Although 
the curve number method does not consider rainfall intensity, it does account for variable 
runoff generation based on antecedent moisture conditions. The hydrologic response 
method o f estimating runoff volume did not consider either rainfall intensity or antecedent 
moisture conditions.
The proposed empirical mass balance calculation assumes that the volume of water 
in the conveyance network is the sum of its hydraulic volume and runoff generated by the 
rainstorm event However, consideration should also be given to meteorological 
conditions existing outside the subwatershed, specifically relating to runoff volume. 
Accuracy o f this method is dependent on steady state conditions inside and outside of the 
subwatershed.
Improved accuracy could be achieved if nitrogen concentrations are determined at 
several sampling sites within the subwatershed. This is because nitrogen concentration in 
rivers vary depending on local geology, localized agricultural practices and human 
activities. Although establishing more sampling sites is more costly, it would capture the 
heterogeneities within the subwatershed and consequently improve accuracy. However, if 
the research objective is to assess pollutant loads to coastal areas, then a single sampling 
site at the watershed outlet would be adequate.
There are also several potential sources of errors for the AGNPS model
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simulations. The large cells used in the simulation (1.7 Km2) required gross spatial 
averaging o f parameters used in model. The reason for using such large cells is the scale 
at which geographic data is available in Belize. Maps of a scale of 1.100,000 were used to 
determine most of the parameters required by the model. Consequently, more detailed 
information could not be obtained than that of the source data.
The AGNPS model does not consider the notion o f‘Variable source areas” in the 
generation o f runoff and this could account for some deficiency in the accuracy of its 
output. The variable source area concept suggests that surface runoff is not the only factor 
that account for stormflow' generation. The notion suggests that significant contribution to 
stormflow can be attributed to an expanding saturated zone may cause subsurface flow 
from upland to lowland through soil water displacement (Brooks, et al., 1994). Although 
AGNPS uses antecedent moisture conditions in its calculations for each rainstorm event, 
soluble nitrogen in surface runoff is calculated without the contribution from subsurface 
flow which may be significant, especially in the wet season. This will definitely affect the 
volume and nitrogen concentration in runoff since subsurface water is expected to have a 
higher concentration of nitrogen than surface runoff.
In general, the proposed empirical mass balance method of determining nitrogen 
concentration in runoff provides a valuable, cost effective method of ascertaining nonpoint 
source pollution. The method uses easily obtainable empirical data such as nitrogen 
concentration in the river, discharge volume, river stage, and precipitation depth. It 
provides an estimate of pollutant loads in surface runoff as opposed to pollutant 
concentration in the conveyance network. Finally, the proposed procedure presents an
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alternative to the curve number method of estimating runoff volume using the watershed's 
hydrologic response.
The principal limitation of this technique is that it assumes average, steady state 
conditions inside and outside a watershed. A more comprehensive treatment of this 
subject must address variability of important parameters in and out of the targeted area.
The method overestimates nitrogen concentration in runoff by using the maximum 
concentration observed in the conveyance network. The proposed solution is to use a 
reduction factor of 0.65. However more research needs to be done in deriving this 
reduction factor. Finally, the method is only useful for storms of magnitude larger than 20 
mm. This is because changes in pollutant concentration in the river is only observable 
when the runoff volume exceeds a specific threshold value. Below the minimum 
threshold value, estimation of runoff volume is difficult and this is the central premise of 
the calculation.
3.5 Predicting [Nj in a River Based on Rainstorm Depth.
Nitrogen concentration in a river fluctuates based on interactions between all 
sources of inputs and outputs. An equilibrium exists if there is no addition of water with 
different nitrogen concentration than that within the conveyance network. Under baseflow 
conditions the chemical composition of river water is constant and determined exclusively 
by the geology of the substrata (Evans and Davies, 1998). However during a rainstorm 
event, the concentration of nitrogen in the conveyance network is known to rise and then 
return to baseflow conditions (Walling and Foster, 1975; Sklash, et al., 1979). This
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increase in nitrogen concentration is a consequence of surface runoff that normally has a 
much higher nitrogen concentration than the water in the river system. In industrialized 
areas, the precipitation itself would have much higher nitrogen concentration than 
baseflow. This is may be due to the burning of fossil fuels (Stevenson, 1986 pg. 131). 
Nitrogen concentration in a river is a reflection of the volume and nitrogen concentration 
of surface runoff. The concentration of nitrogen in rainfall is primarily dependent on local 
atmospheric conditions (electrical fixation, photochemical fixation, and industrial 
processes) (Stevenson, 1986). Nitrogen concentration in surface runoff is dependent on 
the chemical composition and the physical characteristics of soil. This is because soluble 
nitrogen is extracted as water flows over the surface and through the shallow subsurface. 
This extraction factor and soil properties are constant for a specific watershed and 
therefore are not considered in this model. The volume of surface runoff is an important 
variable that can be estimated based on its direct relationship with precipitation depth 
(USDA Technical Release 55). In this model the exact volume of runoff is not important 
since all the factors that determines the hydrologic response of the watershed is assumed to 
act equally for all rainstorms.
The maximum nitrogen concentration in the conveyance network was determined 
for rainstorms of specific magnitudes. Figure 3.1 is a plot of rainstorm magnitude versus 
nitrogen concentration for specific events within the Double Run subwatershed. Results 
of regression analysis for precipitation depth versus nitrogen concentration in the river, 
show an R squared value of 0.94 (Appendix 11). It is apparent from this small data set 
that the concentration of nitrogen in the Belize river can be predicted based on
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Figure 3.1: Nitrogen concentration in the Belize river versus rainstorm depth, 
precipitation depth, using the following equation:
[N] in river = 0.13 (depth of precipitation in mm) + 2.06 [17]
This model can be used to estimate nitrogen or other soluble nutrient loads to river 
systems. Estimates of nonpoint source pollution from overflowing containment ponds 
used by industry can be obtained based on only one cycle of data. This is very important 
information for proper management of our water resources.
The principal limitation of this model is that it is site specific and therefore the 
correlation must be experimentally determined for each new site. The model also assumes 
steady state conditions within the watershed and consequently any changes in vegetation 
or land use will affect the relationship between precipitation depth and nitrogen 
concentration in the river system.
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3.6 Effects of Delineation of HRU's on Model Simulations
A composite and a distributed curve number method are used to assess the effects 
of delineation of hydrologic response units (HRUs) on AGNPS simulations. In this 
simulation, the distributed curve number method entailed the use of four different curve 
numbers in a 2,400 acre (9.71 x 106 m2) virtual watershed consisting of twenty-four cells. 
The curve numbers used represent land management systems under forest, pasture, milpa, 
and mechanized agriculture. The composite curve number approach represented the 
watershed in four blocks, each consisting of a single land use in one block (Figure 3.2). 
The AGNPS simulations were conducted for 2 inches of rain over a twenty-four hour 
period (Table 3.20).
Figure 3.2: Distributed curve number decomposition scheme and flow paths.




Forest Forest Pasture Pasture
I
































Table 3.20: Results of AGNPS simulations, for distributed versus composite curve number 
treatment.
Parameter Distributed CN Composite CN
Runoff volume (m3) 9.67 x 104 9.67 x 104
Peak discharge (m3/sec) 2.84 3.81
Sediment yield (kg) 3.06 x 104 3.0 x 104
Nitrogen in sediment (kg/Km2) 5.04 x 10" 5.04 x 10"
Phosphorus in sediment (kg/Km2) 6.72 x 10'2 6.72 x 10 '2
There is no difference in runoff volume between the distributed CN treatment and 
the composite CN approach. This is because the curve number method used in AGNPS 
calculates runoff by estimating initial rainfall abstraction (I, = 0.2S) and the potential 
maximum retention after runoff begins (S= {1000/CN}-10). Therefore, the four CN 
values used in the analysis (which represent the various land uses) generates a fixed 
volume of runoff. The model then calculates total volume of runoff as the weighed 
average for the four land uses within the watershed (Table 3.21).
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Table 3.21: Calculation of runoff using the CN approach.
Parameter Forest Pasture Milpa Agriculture
Retention (S) 4.29 4.71 3.7 1.76
Abstraction (IJ 0.86 0.94 0.74 0.35
Runoff (cm) 0.61 0.48 0.81 2.03
Curve Number 70 68 73 85
Weighed average (25%) 0.15 0.12 0.20 0.51
Total runoff (cm) 0.98 = 9.52 x 104 m3
This suggests that the model only.takes a.weighed average of the runoff generated from 
each land use. Therefore, if the percentage of the watershed under specific land uses 
remain the same, the total volume of runoff will always be constant. However, the 
discussion below show that spatial mixing of land use characteristics within a watershed 
may significantly influence runoff characteristics.
Maximum discharge rates predicted using the distributed curve number was less 
than that for the composite curve number approach. This may be because of the shorter 
time of concentration using the composite curve number scheme. In the distributed 
approach, there is attenuation of peak discharge rates due to increased travel time of flow 
from the areas generating the most runoff (agriculture and milpa) to the outlet. For 
example, if the locations of milpa and pasture were interchanged, peak discharge would be 
even higher for the composite curve number approach.
As expected, the distributed and composite treatment resulted in similar prediction 
of total sediment loads, and concentrations of nitrogen and phosphorus in sediment. This 
is because the physical processes governing erosion and soil erodibility are unaffected by
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the discretization scheme. However, the geographic location of specific cells in a 
watershed affects AGNPS simulation results. Figure 3.3 show four randomization 
schemes used is assessing the effect o f spatial mixing on AGNPS simulation of watershed 
hydrology. Results of the simulation for 2 inches of rainfall over a twenty-four hour 
period, are shown in Table 3.22.
Figure 3.3: Four randomization schemes used to assess the effect of spatial mixing on 
AGNPS simulation results.
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Table 3.22: Results of AGNPS simulations for four spatial mixing schemes.
Param eter Scheme #1 Scheme #2 Scheme #3 Scheme #4
Runoff volume (m3) 9.67 x 104 9.67 x 104 9.67 x 104 9.67 x 104
Peak discharge (m3/sec) 2.69 2.62 2.68 2.69
Sediment yield (kg) 4.48 x 104 2.43 x 104 3.06 x 104 2.86 x 104
N in sediment (kg/km2) 1.79 x 10" 1.34 x 10" 1.23 x 10 " 1.23 x 10 "
P in sediment (kg/km2) 8.97 x 1012 6.72 x 1012 6.72 x 10 '2 6.72 x 1012
N in runoff (ppm) 0.58 0.24 0.15 0.02
P in runoff (ppm) 0.12 0.05 0.03 0.06
AGNPS simulation results show that spatial mixing of HRUs within a watershed 
has no effect on runoff volume (Fisher et al., 199S). The small effect on peak discharge is 
due to the location of cells responsible for the most runoff, relative to the watershed outlet. 
Agricultural cells (CN 85) produce the most runoff and therefore travel times from these 
cells to the outlet is significant in the determination of peak discharge.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
101
Spatial decomposition of the watershed significantly affects total sediment yield 
and nutrient concentrations in sediment. Agricultural cells produce the largest sediment 
loads and thus their location relative to the watershed outlet is a crucial determinant of 
sediment loads. Comparing schemes 1 and 4 (where agricultural cells are located furthest 
from the outlet in scheme 1 and nearest the outlet in scheme 4) exemplifies this point. 
Nitrogen and phosphorus concentrations in runoff also show this same trend.
It can therefore be concluded that the geographic location of HRUs is significant in 
determining sediment and nutrient loads in a watershed. The principal criteria in assessing 
the effects of spatial decomposition schemes is the relative location of cells responsible for 
the most runoff or erosion, to the watershed outlet. The nearer these cells are to the outlet 
the greater the peak discharge rate, sediment load and nutrient loads. Conversely, there is 
greater attenuation o f these parameters the further away from the outlet these source cells 
are located.
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4. SUMMARY AND CONCLUSIONS
The primary watershed management issue within North Stann Creek is based on 
increased cultivation of citrus on steep slopes. This has resulted in higher erosion rates 
and a subsequent decrease in water quality. Elimination of marshland areas for 
agricultural activities is also a significant problem in the Double Run subwatershed. 
Overall, agricultural activity within the watersheds has resulted in widespread use of 
agrochemicals, and accelerated deforestation rates. Figures 4.1, 4.2, and 4.3 show AGNPS 
simulation of peak discharge, runoff potential and sediment yield for a rainstorm 113 mm 
and 24 hours duration (2 year return period). Simulation results indicate that peak 
discharge rates of 10.000 to 14,000 ftVsec (283 to 396 m3/sec) could be expected from just 
south of Pomona village (17 miles from Dangriga) to the river outlet in Dangriga. This 
discharge rate exceeds the average rate of only 15 m3/sec (NARMP, 1995).
102
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Figure 4.1: Peak discharge rate for specific areas within the North Stann Creek 
Watershed.
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Figure 4.2: Areas designated by the AGNPS model with high, moderate, and low 
runoff potential.
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Figure 4.3: Areas designated by AGNPS with high, medium, and low sediment yields.
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Figure 4.4: AGNPS prediction of areas with maximum discharge rates within the 
Double Run subwatershed.
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Figure 4.S: AGNPS prediction of areas within the Double Run 
subwatershed with the highest runoff potential.
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Figure 4.6: AGNPS prediction of areas with the highest sediment loads to the 
drainage network.
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Figures 4.4,4.5, and 4.6 show AGNPS simulation of peak discharge, runoff potential and 
sediment yield for the Double Run subwatershed. These results show that peak discharge 
rates o f4,000 to 7,830 tf/sec (113 to 222 m3/sec) could be expected in areas near the 
Belize International Airport.
Two distinctive types of agricultural practices are employed in Belize, milpa and 
various forms of mechanized agriculture. Milpa farming is labor intensive and is the 
preferred method of small, predominantly rural farmers. The sizes of these farms typically 
do not exceed five acres. Mechanized farmers use various land preparation methods that 
generally entail the inversion of soil. Chisel plowing is the most intrusive and penetrates 
the soil to a depth o f20-30 cm while diking is the least intrusive, only penetrating the soil 
5-10 cm (Rechcigl, 1982). The deeper the soil disturbance the greater the potential for 
erosion and leaching of nutrients. Tilling may also increase the loss of nutrients adsorbed 
to soil particles by wind erosion. However, there are some advantages of tilling, loose soil 
particles allow soil aeration, root penetration and destroy weeds before planting. Soil 
preparation may also incorporate plant residue and surface applied nutrients, disrupt insect 
habitats, and increase the rate of decomposition of organic matter (Rechcigl, 1982).
Irrigation is used in large scale rice production. This practice has a definite impact 
on nutrient mobility in a watershed as it diverts water from the conveyance network to 
flood fields and return water that the soil has not absorbed, to the river system. 
Consequently, water in the receiving river or creek will have altered chemistry due to 
dissolved agricultural chemicals.
The use of synthetic fertilizers has increased the potential of surface water and
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groundwater contamination with nitrogen. Tillage and row cropping agricultural practices 
result in loose soil and channels for the movement o f adsorbed nutrients in concentrated 
flow to surface water. This may be mitigated with the use of organic fertilizers. The 
major distinction between synthetic and organic fertilizer is that the former has 
concentrated, readily available nutrients while the latter has a low nutrient concentration. 
The major problems with the use of organic fertilizer include the presence of weed seeds 
and pathogens that could increase the pest problem. Another major disadvantage is the 
cost, quantity and method of application (Stevenson, 1985). This is because large 
quantities of organic fertilizer must be applied and judging the optimum application rate is 
very difficult. Aesthetic reasons (i.e. odors) have also been given for the refusal of farmers 
to use organic fertilizer. However, the true cost of production and use of synthetic 
fertilizers is not normally considered, for example the environmental consequences of 
mining, sludge production and the emission of hydrogen fluoride gas from the industrial 
process (Stevenson, 1986).
Milpa fanners employ several techniques to maintain the productivity of their land. 
One method is crop rotation that helps to decrease the dependence on synthetic fertilizers. 
This is because the soil is not subjected to the same nutrient demands annually. Different 
crops have different nutrient requirements and therefore this practice, mixed cropping, and 
fallowing, help to preserve the soil nutrient content Unlike mechanized farms, where 
large monocultures have specific nutrient demands and deplete the soil of those specific 
nutrients. Pest infestation is also a problem in monocultures because organisms find a 
large supply of a desirable crop. Statistics show that purchase of agricultural chemicals
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accounted for 61.2% and 64% of total expenditure on agriculture for 1995 and 1996 
respectively (Annual Reports for Cayo, 1996). Milpa farming eliminates the need for the 
application of synthetic agricultural chemicals and therefore would likely reduce nitrogen 
loading to rivers. This is primarily because the organic fertilizers used by small farmers 
are very low in nutrient content. The advantages of not tilling the soil are: erosion control, 
reduced energy needs (fuel and labor), flexibility in planting and harvest, improved soil 
water retention, decrease evaporation, and minimum equipment needs (Phillips et al., 
1984). The disadvantages of not tilling the soil are the apparent difficulty of weed and 
insect control that is a big problem in Belize (Phillips, 1984). Terracing may be used in 
the North Stann Creek watershed as it has been reported as a good agricultural practice 
minimizing erosion from areas that have steep slopes. Foster et al. (1983) reported that the 
practice of terracing in agriculture reduces sheet and rill erosion between terraces and traps 
a fraction of eroded soil by deposition. This is probably because terraces break the slopes 
into shorter lengths thus reducing water velocity and erosivity. A model considering the 
impacts of these agricultural practices on water quality within a watershed must use the 
above factors as the conceptual framework for assessing impacts.
Watershed models have been quite efficient at simulating hydrologic processes at 
the laboratory scale. However, simplifying assumptions made in representing physical 
processes limit the accuracy o f models in simulating watershed-scale processes (Addiscott 
and Wagenet, 1985). Even if governing equations were developed to capture all the 
interactions between physical and bio-chemical processes operating in a watershed, we 
would not be able to compile all the data required at the watershed scale. Therefore,
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watershed modelers will always be caught between the need for representing mechanistic 
processes in detail and making simplifying assumptions for practical considerations. 
Bouzaher et al. (1993) highlighted the fact that regional water quality assessment requires 
many simulations to capture the physical and chemical processes operating at the regional 
scale effectively. He proposed that several applications be conducted in order to represent 
changes in policy, geography, soil properties, chemical properties, management, 
technological factors and weather (Bouzaher et al., 1993).
The accurracy of the AGNPS model simulations is directly dependent on the 
quality of data used in the determination of input parameters as well as significant 
limitations of the model. Input variables such as land slope, soil erodibility, cover 
management, and curve number significantly affect AGNPS predictions of sediment yield 
and nutrient loads. Therefore the data generated from these simulations can only be 
considered as very good estimates based on the physical and chemical conditions existing 
in the watersheds. In addition, these site specific variables were averaged for each cell 
which further qualifies the simulation results in terms of the extent of spatial integration. 
The determination of curve numbers, for example, required estimates of soil properties, 
vegetation cover, land management practices, land surface condition, and antecedent 
moisture conditions. Errors in the estimates of each of these variables were magnified in 
the determination of curve numbers and subsequently predictions of sediment and nutrient 
loads. The model does not adequately consider nitrogen cycling in tropical forest systems. 
Following extraction from fertilizer added to soil and rainfall, the nitrogen load is 
considered additive with no attenuation throughout the watershed. This is especially
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unrealistic for tropical forest systems as the high rate of microbial immobilization and 
mineralization significantly affects the transformation of nitrogen between soil water, 
ground water, surface water, and the atmosphere. The AGNPS model (Version 5.0) is an 
event-based model that assesses the hydrologic impacts of a single rainstorm event. Thus 
it is incapable of simulating long-term impacts of agricultural practices and other 
management activities on hydrologic processes. One solution to modelling the regional 
scale problem is the use of "metamodels” that significantly simplify data analysis by using 
statistical methods to integrate agricultural, ecological and economic factors (Bouzaher et 
al., 1993). This would result in the development of a systems approach designed for 
environmental, and policy evaluation at regional scales. The use of an integrated 
hydrologic model (including probability calculations) with a geographic information 
system would be essential tools in the establishment and management of this system.
This research has shown that the method used to determine hydrologic response 
units within the watershed is critical to the AGNPS model predictions. Maximum 
discharge rate was less using distributed curve numbers rather than composite curve 
numbers. Although there was no significant difference between a distributed curve 
number decomposition scheme and a composite curve number scheme in predicting 
nutrient loads, sediment loads and runoff volume. In addition, spatial mixing of HRU’s 
had no effect on the prediction of runoff volume and only limited effect on peak discharge 
rate, sediment and nutrient loads.
The Double Run subwatershed and the North Stann Creek watershed consist of 
forest, marshland, milpa farms and areas under mechanized agriculture. Analysis of water
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
114
samples at the outlet of the Double Run subwatershed show that although baseflow 
concentrations o f nitrogen is low, there is a significant increase during rainstorm events. 
This increase is due to high nutrient concentration in storm runoff and therefore a site- 
specific relationship between rainstorm depth and nutrient concentration in the river can be 
developed. This relationship between rainstorm depth and nitrogen concentration in the 
river for the Double Run subwatershed had an Rz value of 0.94. Developing such 
relationships provides a cost effective method of assessing long term pollutant loads 
within watersheds based on easily obtainable data. This relationship can provide 
watershed managers with a useful estimate of nitrogen loading to Belize’s estuaries and 
coastal zone. For example, estimated discharge from the Double Run subwatershed is 155 
m3/sec. Therefore, the total annual discharge is 4.89 x 109 m3. If we assume that the 
minimum nitrogen concentration in the river at the outlet is 4 mg/L, then the minimum 
nitrogen load to the coastal zone from the Belize river is 4.96 x 107 kg. Similarly, if the 
depth of each rainstorm in a particular year is used to determine nitrogen concentration, 
then a more realistic estimate of annual nitrogen loads would be obtained. This estimate is 
extremely important in assessing the potential risks to coastal ecosystems and Belize’s 
Barrier reef.
The AGNPS model does not describe all the chemical and physical processes 
operating within a watershed. For example, the processes that govern sediment transport 
are so variable they can be described better in a stochastic model (Nvotony and Chesters, 
1989). It has also been suggested that the use of spatially and temporally lumped estimates 
of sediment delivery or transmission coefficients could lead to spurious results (Nvotony
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and Chesters, 1989). Although AGNPS uses many parameters to describe a cell, the cells 
used in this research were large (1 km2) and are considered by the model as homogeneous 
units. A typical milpa is about 5 acres or 0.02 km2 this demonstrates the difficulty of 
trying to transfer data from the microscale to the macroscale. Although it is practically 
impossible to capture all the spatial variability of characteristic parameters within cells of 
any size, the watershed decomposition scheme chosen must balance model efficacy with 
financial and practical considerations.
AGNPS simulation results show that conversion of marshland or forest to pasture 
had contrasting consequences on the hydrology of the Double Run subwatershed and the 
North Stann Creek watershed. While the conversion o f marshland to pasture at Double 
Run resulted in decreases in runoff, peak discharge rate, and nitrogen loads. Conversion 
of forest to pasture at North Stann Creek caused increases in runoff and peak discharge but 
decreased sediment and nitrogen loads. The difference in hydrologic output for these 
parameters is a function of the vegetation and land use characteristics at the two 
watersheds. The Double Run subwatershed consist primarily of urban settlements and 
marshland, while the North Stann Creek watershed is primarily agricultural and forested. 
Conversion of forest to milpa farms increased runoff, peak discharge, sediment and 
nutrient loads. While conversion of marshland to milpa farms decreased runoff, peak 
discharge rate, and nitrogen loads. However, this conversion resulted in an increase of 
sediment loads. Conversion of marshland to agriculture had no hydrologic consequences 
but the conversion of forest to agriculture resulted in increases of runoff, peak discharge 
rate, sediment and nitrogen loads.
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The Stann Creek District has experienced a significant boom in citrus cultivation 
over the past twelve years. Reports from the Agriculture Department show that in 1988 
approximately 13,849 acres were under citrus cultivation in the Stann Creek District.
While in 1999 over 60,000 acres was under citrus cultivation. This increase represent the 
conversion of approximately 50% of the forested areas in the North Stann Creek watershed 
to agriculture. AGNPS simulation show that this likely resulted in 65% increase in runoff, 
215% increase in peak discharge, 477% increase in sediment loads, 353% increase in 
nitrogen loads, and 356% increase in phosphorus loads.
Simulation of extreme rainstorm events show that storm runoff from such events 
may cause significant decreases in salinity, nutrient concentrations, and water temperature 
of coastal areas. AGNPS simulation show that a volume of 3.7 x 107 m3 of runoff, 6.63 x 
106 kg of nitrogen, 1.32 x 1010 kg of sediment, and 4.7 x 103 m3/sec peak discharge rate 
would result from a rainstorm with a 100-year return period.
Analysis of annual rainstorm records from the International Airport and Melinda 
Forest Station show that 71.4% and 67%, respectively, of the storms are less than 10 mm 
in depth. Runoff, nitrogen, phosphorus and sediment loads are much lower for the dry 
season than for the wet season simulation. For example, in the Double Run subwatershed, 
66% of the nitrogen and 69% of the sediment loads occurred in the wet season. The 
distinction between wet and dry season loads was even more pronounced for the North 
Stann Creek watershed where 93% of the nitrogen and 97% of the sediment loads occurred 
in the wet season. This clearly demonstrates the need for effective watershed management 
during the wet season.
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In the Double Run subwatershed, storms of magnitude between 80-100 mm 
accounted for 23% of the annual nitrogen loads and 27% of the annual sediment loads. 
While storms of magnitude between 10-30 mm accounted for 36% of the annual nitrogen 
loads and 31% of the annual sediment loads. In contrast, data for the North Stann Creek 
watershed, show that storms of magnitude between 80-100 mm accounted for 71% of the 
annual nitrogen loads and 79% of the annual sediment loads. While storms of magnitude 
between 10-30 mm accounted for only 8% of the annual nitrogen loads and 4% of the 
annual sediment loads. This big disparity between Double Run and North Stann Creek is 
largely due to the rainstorm distribution pattern.
It is very difficult to determine concentrations of pollutants in storm runoff and 
most researchers simply measure pollutant concentrations in the conveyance network.
This research presents an empirical mass balance procedure to calculate concentrations of 
nitrogen in storm runoff. The procedures represents a cost effective method which enables 
the calculation of pollutant concentration in storm runoff based on the physical 
characteristics of the river and analysis of pollutant concentrations at specific sites along 
the conveyance network.
Effective planning and management of watersheds is essential if we hope to 
minimize nonpoint sources of pollution. This research project looked only at the physical 
and chemical aspects of watershed management A more comprehensive watershed 
management study would require the integration of knowledge from many disciplines to 
address social, economic, as well as environmental impacts of watershed management 
strategies.
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4.1 Research Needs
AGNPS model simulations provide a valuable overview of areas within the Double 
Run subwatershed and the North Stann Creek watershed with high potential for flooding, 
soil erosion and nitrogen loading. This highlights the importance o f conducting a more 
detailed field assessment of flooding, erosion, and nitrogen loading potential of the critical 
areas identified by AGNPS. There is an urgent need to conduct a more comprehensive site 
survey aimed at compiling a database on the hydrology of the conveyance network, soils 
and meteorological information. Existing information on soils, vegetation, and landuse 
should be digitized to facilitate the use of GIS analysis. The collection and compilation of 
such data will allow hydrologic model validation exercises to be conducted for the 
watersheds. In addition, the use of GIS data as the source of input data for AGNPS will 
allow even larger areas to be modeled with improved accuracy (Udoyara and Jolly, 1994).
The utility of hydrologic models is directly related to the availability of data. In 
lesser developed countries data quality and availability are limiting factors. However, this 
does not diminish the utility of hydrologic models in these areas because the processes 
encoded in these models are based on fundamental physical principles. The parameters 
required for these physical processes (e.g., soil properties) are always averaged, even at the 
30 m scale, which is the scale at which most GIS data is available. Although this does not 
contradict the fact that finer discretization of input parameters improves simulation 
accuracy, it does underscore the need to balance financial cost and the effort requirement 
of improved discretization, with the quality of output data. The most important 
consideration is the expressed purpose for using the model.
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Additional sampling of rainstorms in the Double Run subwatershed must be 
conducted to verify the mathematical relationship identified between rainstorm depth and 
nitrogen concentration in the Belize river. This sampling scheme should also be extended 
to the North Stann Creek watershed to assess the effects o f rainstorms on water qualify as 
a result of the overflow of containment ponds from the citrus industry.
Preliminary studies show a large quantify of nitrogen and sediments entering the 
coastal areas with potential negative impacts on the marine ecosystem. It is therefore vital 
that the various sediment, and nutrient sinks within the watersheds be identified, and the 
specific impacts on the marine ecosystem be ascertained. It is crucial that research 
quantitatively establish the ecological impacts of watershed management strategies on the 
viability of Belize's Barrier reef, which is the largest in the western hemisphere.
The AGNPS model assumes uniform precipitation over the entire watershed which 
is unrealistic for large watersheds. Soil moisture is a result of interactions between 
precipitation, infiltration, percolation and evapotranspiration. In the AGNPS model, this 
complex interaction is incorporated as a constant in the antecedent moisture conditions for 
the curve number. The curve number is dependent on land use, hydrologic conditions and 
soil type. A significant advancement of the most recent version of AGNPS, AnnAGNPS, 
is the continuous simulation of watershed processes. This is important because it is very 
difficult to separate effects of a single rainstorm event especially when they occur 
continuously.
Watershed researchers will always be confronted with the question of optimal size 
for the hydrologic response units that will capture physico-chemical factors within the
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watershed. Therefore, there is a need to develop watershed variability criteria which 
would help in this determination. Finally, whether the assumptions made in the SCS curve 
number method of assessing runoff is adequate for the tropical climate and various land 
uses in Belize is uncertain and requires further investigation. A detailed comparison of 
runoff generated using distributed or composite curve numbers and also by evaluating the 
hydrologic response of the watershed should be conducted in order to determine the most 
efficient method.
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APPENDICES
Appendix I: Development of Manning’s equation
1) pgALs = PLF
p = density 
g = gravity 
A = area
L = control length 
F = friction coefficient 
s = sine of the angle slope
2) Assume that F is proportional to the square of the average velocity v: 
pgALs = PKv2
K = proportionality constant
3) If A/P = R the hydraulic radius then: 
s = C v2/R where C = K/(pg)
4) This is the generalized for non-uniform flow as Manning’s equation: 
s = C v2/R4/5
5) Rearrange to solve for velocity and use 1.49 as constant (pg/k) 
v = (1.49 RM sm)/n where n is a constant
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Appendix 2: Analysis of water samples for nitrate nitrogen concentration (Fishman, M.J. 
and L.C. Friedman, 1989).
1) SOLUTION 1- EDTA (2.25% w/v) : dissolve 10.5 g in 450 ml demineralized water. 
Adjust pH to 6.5-7 with NaOH. Add water to a volume of 500 ml
2) SOLUTION 2- Sulfanilamide: dissolve 1 g in 90 ml water and 10 ml concentrated 
HC1.
3) SOLUTION 3- Prepare 1% w/v solution of Naphthylethylene diamine 
dihydrochloride. Store in an amber bottle. Stable for one week.
4) Prepare nitrate standards.
Procedure:
1) Pipette 1.6 ml of water sample into a cuvette and add 0.1 ml EDTA, 0.15 ml 
sulfanilamide and 0.15 ml naphthyl-ethylenediamine.
2) Wait for 15 minutes and read absorbance at 500 nm
3) Determine nitrogen concentration from analytical curve.
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Appendix 3: Sampling Scheme
-Three 200 ml water samples will be collected before and after rainstorms equivalent or 
greater than 10 mm. These samples will be taken for the rising limb, peak flow and the 
receding limb of the hydrograph.
-One Vz gallon sample will be taken at the highest stage of the river.
Sample Collection Method
1) Identify a fixed site. Determine the depth. Avoid sampling the edge of the river and the 
bottom.
2) Use the sampler to collect a depth integrated sample. Keep the sampler at least 1 foot 
from the bottom.
3) Add 2 ml of 5% sulfuric acid in each 200 ml sample.
4) Label each sample with the following information: location, date, river stage, rainstorm 
intensity/duration, and time.
5) Place these three samples in an ice box.
6) Collect and label the !4 gallon sample which does not need the addition of acid or to be 
placed in ice.
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Appendix 4a: Soil Conservation Service runoff curve numbers and surface-condition 
constants for different land-use situations. Taken from AGNPS manual (Young et al., 
1982a; U.S. Dept. Agric., Soil Cons. Serv. (1976). AMC is 2.
Land-use Surface^constant CN for sod A s s r s s e r gN  for soil
Fallow 0.22 77 86 91 94
Straight rows 0.05 67 78 85 89
Contouredrows 0.29 65 75 82 86
Small grain 0.29 63 74 82 85
Legumes 0.29 58 72 81 85
Poor pasture 0.01 68 79 86 89
Fair pasture 0.15 49 69 79 84
Goodpasture 0.22 39 61 74 80
Meadow 0.59 30 58 71 78
Woodland 0.29 36 60 73 79
Eeavy litter 0.59 25 55 70 77
Urban 0.01 72 79 85 88
Grasswaterways 1 49 69 79 84
Water 0 100 100 100 100
Marsh 0 85 85 85 85
Unpayed _ animal lo t
— 91 91 91 91
j^ved animal — 94 94 94 94
Roof area — 100 100 100 100
Farmstead 0.01 59 74 82 86
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Appendix 4b: Runoff CN for antecedent moisture conditions 1 and 3 corresponding to
AMC 2. Taken from AGNPS manual, U.S. Dept Agric. (1972).
CNcondition fondition C N ...condition C N . . .condition condition condition
94 85 98 71 52 86
91 80 97 70 51 85
89 80 97 69 50 84
86 72 94 68 48 84
85 70 94 67 47 83
84 68 93 65 45 82
82 66 92 63 43 80
81 64 92 61 41 78
80 63 91 60 40 78
79 62 91 59 39 77
78 60 90 58 38 76
77 59 89 55 35 74
75 57 88 49 30 69
74 55 88 39 21 59
73 54 87 36 19 56
72 53 86 30 15 50
Poor pasture = heavily grazed with mulch 
Fair pasture = between 50-75% vegetation, moderately grazed 
Good pasture = lightly grazed with more than 75% vegetation 
Soil A = low runoff potential, high infiltrability (>0.76 cm/hr) 
Soil B = moderate infiltrability (0.38-0.76 cm/hr)
Soil C = low infiltrability (0.13-0.38 cm/hr)
Soil D = high runoff potential, infiltrability (0-0.13 cm/hr)
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0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
0.5 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2
0.8 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2
2 0.1 0.2 0.2 0.2 0.2 0.2 0.3 0.3 0.3 0.3 0.4 0.4
3 0.2 0.2 0.3 0.3 0.3 0.4 0.4 0.4 0.5 0.5 0.5 0.6
4 0.2 0.3 0.4 0.4 0.5 0.5 0.6 0.7 0.8 0.8 0.9 1
5 0.3 0.4 0.5 0.5 0.7 0.8 0.9 1.1 1.2 1.3 1.5 1.7
6 0.3 0.5 0.6 0.7 0.8 1 1.2 1.4 1.5 1.7 1.9 2.1
8 0.5 0.7 0.9 1 1.2 1.4 1.7 2 2.2 2.4 2.8 3.1
10 0.7 1 1.1 1.4 1.7 1.9 2.4 2.7 3.1 3.4 3.9 4.3
12 0.9 1.3 1.6 1.8 2.2 2.6 3.1 3.6 4 4.4 5.1 5.7
14 1.2 1.6 2 2.3 2.8 3.3 4 4.6 5.1 5.6 6.5 7.3
16 1.4 2 2.5 2.8 3.5 4 4.9 5.7 6.4 7 8 9
18 1.7 2.4 3 3.4 4.2 3.9 6 6.9 7.7 8.4 9.7 11
20 2 2.9 3.5 4.1 5 5.8 7.1 8.2 9.1 10 12 13
[LS = QJ12.6)m (65.41 sin2 0 + 0.065)];A.= slope length in feet, m= 0.2 for gradients < 1%, 
0.3 for 1-3%, 0.4 for 3.5-4.5%, 0.5 for 5% and steeper, 0= angle of slope.
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Appendix 6: Mannings roughness coefficients for various surfaces. Taken from AGNPS 
manual.
EXCAVATED OR DREDGED 
CHANNELS
CULTIVATED LAND AND 
WATERWAYS
Description n Description n











weeds,bush 0.08 Sparse grass 0.040
Dense grass 0.20
Very dense grass 0.30
Small grain 7 in. 
Rows
0.13-0.2
Small grain 14 in. 
Rows
0.2-0.3
Water or marsh 0.99
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Appendix 7: Fertilizer availability factor in percent. Taken from AGNPS manual.
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Tillage practice Fertilizer availability factor











Appendix 8: Chemical oxygen demand factors for various land-use. Taken from AGNPS 
manual.
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COD SoilI ex. Chan.Ind.
1 3 5 70 1 1 0.08 3 5 .011 I 0.59 80 3 0
2 4 5 85 0 1 .99 0 0 0 0 25 4 0
3 5 5 70 1 1 0.08 35 .011 1 0.59 80 3 0
4 6 5 85 0 1 .99 0 0 0 0 25 4 0
5 7 5 85 1 I .02 .32 .038 1 0.01 80 3 0
6 8 5 85 0 1 .99 0 0 0 0 25 4 0
7 10 5 85 1 I .02 .32 38 1 0.01 80 3 0
8 10 5 85 1 1 .02 32 38 I 0.01 80 3 0
9 12 5 85 0 1 .99 0 0 0 0 25 4 0
10 14 S >5 1 1 .02 32 .038 1 0.01 80 3 0
11 IS S 85 1 1 .02 32 .038 1 0.01 80 3 0
12 16 5 85 0 1 .99 0 0 0 0 25 4 0
13 17 5 85 0 1 .99 0 0 0 0 25 4 0
14 20 5 85 1 1 .02 .32 .038 1 0.01 80 3 0
IS 21 5 85 1 1 .02 3 2 .038 I 0.01 80 3 0
16 22 S 85 1 1 .02 32 .038 1 0.01 80 3 0
17 18 3 85 0 1 .99 0 0 0 0 25 4 1
18 19 3 85 0 1 .99 0 0 0 0 25 4 I
19 93 3 8S 0 1 .99 0 0 0 0 25 4 1
20 28 5 85 1 1 .02 32 .038 1 0.01 80 3 0
21 22 3 70 1 I .08 35 .011 I 0.59 80 3 1
22 16 2 70 1 1 .08 .35 .011 1 0.59 80 3 1
23 17 1 85 0 1 .99 0 0 0 0 25 4 0
24 18 I 85 0 1 .99 0 0 0 0 25 4 0
2S 19 1 85 0 1 .99 0 0 0 0 25 4 0
26 93 1 8S 0 1 .99 0 0 0 0 25 4 0
27 93 1 85 0 1 .99 0 0 0 0 25 4 I
28 21 70 I 1 .08 35 .011 1 0.59 80 3 1
29 21 1 70 1 1 .08 35 .011 1 0.59 80 3 0
30 22 1 70 1 1 .08 35 .011 I 0.59 80 3 0
31 23 1 70 1 1 .08 35 .011 1 0.59 80 3 0
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32 24 I 70 1 1 .08 .35 .011 1 0.59 80 3 0
33 25 1 70 1 I .08 J .032 1 0.59 80 3 0
34 26 1 85 0 1 .99 0 0 0 0 25 4 0
35 27 1 85 0 1 .99 0 0 0 0 25 4 1
36 28 I 70 I 1 .08 3 .032 1 0.59 80 3 0
37 29 1 70 1 1 .08 3 .032 1 0.59 80 3 0
38 30 1 70 1 1 .08 3 .032 1 0.59 80 3 0
39 31 1 70 1 1 .08 3 .032 1 0.59 80 3 0
40 32 1 85 0 1 .99 0 0 0 0 25 4 0
41 33 1 85 0 1 .99 0 0 0 0 25 4 0
42 34 I 85 0 1 .99 0 0 0 0 25 4 0
43 35 1 85 0 1 .99 0 0 0 0 25 4 I
44 35 85 0 1 .99 0 0 0 0 25 4 0
45 36 1 70 I 1 .08 3 .032 I 0.59 80 3 0
46 37 I 70 1 1 .08 3 .032 1 0.59 80 3 0
47 38 1 70 1 1 .08 3 .032 1 0.59 80 3 0
48 39 1 70 1 1 .08 3 .032 1 0.59 80 3 0
49 40 1 70 1 1 .08 3 .032 1 0.59 80 3 0
50 41 1 70 1 1 .08 3 .032 1 0.59 80 3 0
51 42 1 70 1 I .08 3 .032 1 0.59 80 3 0
52 43 1 85 0 1 .99 0 0 0 0 25 4 1
53 43 8 85 0 1 .99 0 0 0 0 25 4 1
54 44 8 85 0 1 .99 0 0 0 0 25 4 0
55 54 7 85 0 1 .99 0 0 0 0 25 4 0
56 55 7 85 0 1 .99 0 0 0 0 25 4 0
57 45 1 85 0 I .99 0 0 0 0 25 4 0
58 46 1 70 1 1 .08 3 .032 1 0.59 80 3 0
59 47 1 70 1 I .08 3 .032 1 0.59 80 3 0
60 48 1 85 0 1 .99 0 0 0 0 25 4 0
61 49 1 85 0 1 .99 0 0 0 0 25 4 0
62 SO 1 85 0 1 .99 0 0 0 0 25 4 0
63 51 1 85 0 1 .99 0 0 0 0 25 4 0
64 52 1 85 0 1 .99 0 0 0 0 25 4 1
65 53 1 85 0 1 .99 0 0 0 0 1 25 4 0
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66 53 8 85 0 1 .99 0 0 0 0 25 4 0
67 66 7 85 0 1 .99 0 0 0 0 25 4 0
68 67 7 85 0 1 .99 0 0 0 0 25 4 0
69 57 I 85 0 1 .99 0 0 0 0 25 4 0
70 58 1 70 1 1 .08 3 .032 1 0.59 80 3 0
71 59 I 70 1 1 .08 3 .032 I 0.59 80 3 0
72 60 1 85 0 1 .99 0 0 0 0 25 4 0
73 61 1 85 0 I .99 0 0 0 0 25 4 0
74 62 1 85 0 1 .99 0 0 0 0 25 4 0
75 63 1 85 0 I .99 0 0 0 0 25 4 1
76 64 1 85 0 1 .99 0 0 0 0 25 4 0
77 65 1 85 0 1 .99 0 0 0 0 25 4 0
78 66 1 85 0 I .99 0 0 0 0 25 4 0
79 78 7 85 0 1 .99 0 0 0 0 25 4 0
80 79 7 85 0 1 .99 0 0 0 0 25 4 0
81 69 1 70 1 1 .08 3 .032 1 0.59 80 3 0
82 70 1 70 I 1 .08 3 .032 1 0.59 80 3 0
83 71 1 70 1 1 .08 3 .032 I 0.59 80 3 0
84 72 1 70 1 1 .08 3 .032 1 0.59 80 3 0
85 73 1 85 0 1 .99 0 0 0 0 25 4 0
86 74 1 100 0 I .99 0 0 0 0 0 0
87 75 1 85 0 1 .99 0 0 0 0 25 4 1
88 76 1 85 0 1 .99 0 0 0 0 25 4 0
89 77 1 100 0 1 .99 0 0 0 0 0 0 0
90 78 1 100 0 1 .99 0 0 0 0 0 0 0
91 90 7 100 0 1 .99 0 0 0 0 0 0 0
92 91 7 100 0 1 .99 0 0 0 0 0 0 0
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Appendix 9b: AGNPS parameters used for the North Stann Creek Watershed.
Rcell Lnd Crv Lnd Sip Man c P Surf Surf COD Soil Fart Pest
um Num Asp Num Sip Shp Coef Fact Fact Cons Cons Fact Tax Ind Ind
1 3 5 55 40 1 0 0.3 0.2 1 0.6 65 2 0 0
2 4 5 55 40 1 0 0.3 0.2 1 0.6 65 2 0 0
3 9 4 55 40 1 0 0.3 0.2 1 0.6 65 2 0 0
4 9 5 25 30 1 0 0.4 0.2 0.8 0.6 65 1 0 0
5 4 7 55 40 1 0 0.3 0.2 1 0.6 65 2 0 0
6 11 5 55 40 1 0 0.3 0.2 1 0.6 65 2 0 0
7 12 5 55 40 1 0 0.3 0.2 1 0.6 65 2 0 0
8 9 3 79 30 1 0 0.3 0.2 0.8 0 65 2 0 0
9 10 3 79 30 1 0 0.3 0.2 0.8 0 65 2 0 0
10 18 4 79 30 1 0 0.3 0.2 0.8 0 65 2 0 0
11 18 5 55 30 1 0 0.3 0.2 0.8 0.6 65 2 0 0
12 18 6 55 30 1 0 0.3 0.2 0.8 0.6 65 2 0 0
13 20 5 55 40 1 0 0.3 0.2 1 0.6 65 2 0 0
14 21 5 55 40 1 0 0.3 0.2 1 0.6 65 2 0 0
15 8 1 55 40 1 0 0.3 0.2 1 0.6 65 2 0 0
16 9 1 55 40 1 0 0.3 0.2 1 0.6 65 2 0 0
17 10 1 55 40 1 0 0.3 0.2 1 0.6 65 2 0 0
18 19 3 79 30 1 0 0.3 0.2 0.8 0 65 2 0 0
19 27 5 78 20 1 0 0.3 0.2 0.5 0.1 170 2 1 1
20 28 5 55 20 1 0 0.3 0.2 0.5 0.6 65 2 0 0
21 29 5 55 30 1 0 0.3 0.2 0.8 0.6 65 2 0 0
22 29 6 55 40 1 0 0.3 0.2 1 0.6 65 2 0 0
23 24 3 25 45 1 0 0.4 0.2 1 0.6 65 1 0 0
24 36 5 77 40 1 0 0.2 0.2 1 0.6 65 3 0 0
25 38 4 77 40 1 0 0.2 0.2 1 0.6 65 3 0 0
26 38 5 77 40 1 0 0.2 0.2 1 0.6 65 3 0 0
27 28 3 77 20 1 0 0.2 0.2 0.5 0.6 170 3 1 1
28 29 3 70 2 1 0 0.3 0.2 0.1 0.6 65 3 0 0
29 41 5 55 20 1 0 0.3 0.2 0.5 0.6 65 2 0 0
30 29 7 55 30 1 0 0.3 0.2 0.8 0.6 65 2 0 0
31 43 5 25 30 1 0 0.4 0.2 0.8 0.6 65 1 0 0
32 33 3 25 45 1 0 0.4 0.2 1 0.6 65 1 0 0
33 34 3 25 45 1 0 0.4 0.2 1 0.6 65 1 0 0
34 35 3 25 45 1 0 0.4 0.2 1 0.6 65 1 0 0
35 36 3 25 45 1 0 0.4 0.2 1 0.6 65 1 0 0
36 37 3 25 45 1 0 0.4 0.2 1 0.6 65 1 0 0
37 53 4 25 20 1 0 0.4 0.2 0.5 0.6 65 1 0 0
38 39 3 67 2 1 0 0.4 0.2 0.1 0.1 170 1 1 1
39 40 3 89 2 1 0 0.2 0.2 0.1 0.1 170 3 1 1
40 41 3 85 2 1 0 0.3 0.2 0.1 0.1 170 3 1 1
41 42 3 85 2 1 0 0.3 0.2 0.1 0.1 170 3 1 1
42 58 4 85 10 1 0 0.3 0.2 0.3 0.1 170 3 1 1
43 42 7 74 10 1 0 0.3 0.2 0.3 0.3 65 2 0 0
44 43 7 25 45 1 0 0.4 0.2 1 0.6 65 1 0 0
45 63 5 55 2 1 0 0.3 0.2 0.1 0.6 65 2 0 0
46 64 5 55 2 1 0 0.3 0.2 0.1 0.6 65 2 0 0
47 32 1 25 45 1 0 0.4 0.2 1 0.6 65 1 0 0
48 33 1 25 45 1 0 0.4 0.2 1 0.6 65 1 0 0
49 50 3 25 45 1 0 0.4 0.2 1 0.6 65 1 0 0
Chn
Ind
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50 71 5 25 45 0 0.4 0.2 1 0.6 65 1 0 0
51 36 1 25 45 0 0.4 0.2 1 0.6 65 1 0 0
52 37 1 55 30 0 0.3 0.2 0.8 0.6 65 2 0 0
53 54 3 78 20 0 0.3 0.2 0.5 0.1 170 2 1 1
54 55 3 78 2 0 0.3 0.2 0.1 0.1 170 2 1 1
55 56 3 85 2 0 0.3 0.2 0.1 0.1 170 3 1 1
56 57 3 85 2 0 0.3 0.2 0.1 0.1 170 3 1 1
57 58 3 85 2 0 0.3 0.2 0.1 0.1 170 3 1 1
58 79 5 78 2 0 0.3 0.2 0.1 0.1 170 2 1 1
59 80 5 78 30 0 0.3 0.2 0.8 0.1 170 2 1 1
60 81 5 55 45 0 0.3 0.2 1 0.6 65 2 0 0
61 82 5 25 45 0 0.4 0.2 1 0.6 65 1 0 0
62 61 7 25 30 0 0.4 0.2 0.8 0.6 65 1 0 0
63 84 5 55 30 0 0.3 0.2 0.8 0.6 65 2 0 0
64 85 5 55 20 0 0.3 0.2 0.5 0.6 65 2 0 0
65 86 5 55 20 0 0.3 0.2 0.5 0.6 65 2 0 0
66 87 5 25 10 0 0.4 0.2 0.3 0.6 65 1 0 0
67 68 3 25 45 0 0.4 0.2 1 0.6 65 1 0 0
68 69 3 25 45 0 0.4 0.2 1 0.6 65 1 0 0
69 70 3 25 45 0 0.4 0.2 1 0.6 65 1 0 0
70 49 1 25 45 0 0.4 0.2 1 0.6 65 1 0 0
71 72 3 25 45 0 0.4 0.2 1 0.6 65 1 0 0
72 73 3 25 45 0 0.4 0.2 1 0.6 65 1 0 0
73 74 3 25 45 0 0.4 0.2 1 0.6 65 1 0 0
74 54 2 25 30 0 0.4 0.2 0.8 0.6 65 1 0 0
75 54 1 77 20 0 0.2 0.2 0.5 0.6 65 3 0 0
76 55 1 77 30 0 0.2 0.2 0.8 0.6 65 3 0 0
77 56 1 77 30 0 0.2 0.2 0.8 0.6 65 3 0 0
78 79 3 55 10 0 0.3 0.2 0.3 0.6 65 2 0 0
79 80 3 78 10 0 0.3 0.2 0.3 0.1 170 2 1 1
80 81 3 79 10 0 0.3 0.2 0.3 0 170 2 1 1
81 113 4 78 2 0 0.3 0.2 0.1 0.1 170 2 1 1
82 114 4 78 10 0 0.3 0.2 0.3 0.1 170 2 1 1
83 114 5 89 10 0 0.2 0.2 0.3 0.1 170 2 1 1
84 83 7 89 10 0 0.2 0.2 0.3 0.1 170 2 1 1
85 116 5 78 10 0 0.3 0.2 0.3 0.1 170 2 1 1
86 117 5 67 2 0 0.4 0.2 0.1 0.1 170 1 1 1
87 86 7 25 2 0 0.4 0.2 0.1 0.6 65 1
88 121 5 85 10 0 0.3 0.2 0.3 0.1 170 3 1 1
89 122 5 85 10 0 0.3 0.2 0.3 0.1 170 3 1 1
90 89 7 85 10 0 0.3 0.2 0.3 0.1 170 3 1 1
91 124 5 70 2 0 0.3 0.2 0.1 0.6 65 3 0 0
92 125 5 70 2 0 0.3 0.2 0.1 0.6 65 3 0 0
93 126 5 25 2 0 0.4 0.2 0.1 0.6 65 1 0 0
94 127 5 25 2 0 0.4 0.2 0.1 0.6 65 1 0 0
95 128 5 25 2 0 0.4 0.2 0.1 0.6 65 1 0 0
96 129 5 25 45 0 0.4 0.2 1 0.6 65 1 0 0
97 130 5 25 45 0 0.4 0.2 1 0.6 65 1 0 0
98 99 3 25 45 0 0.4 0.2 1 0.6 65 1 0 0
99 68 1 25 45 0 0.4 0.2 1 0.6 65 1 0 0
100 101 3 25 45 0 0.4 0.2 1 0.6 65 1 0 0
101 70 1 25 30 0 0.4 0.2 0.8 0.6 65 1 0 0
102 71 1 25 30 0 0.4 0.2 0.8 0.6 65 1 0 0
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103 104 3 25 30 0 0.4 0.2 0.8 0.6 65 1 0 0
104 73 1 77 30 0 0.2 0.2 0.8 0.6 65 3 0 0
105 74 1 77 40 0 0.2 0.2 1 0.6 65 3 0 0
106 75 1 25 40 0 0.4 0.2 1 0.6 65 1 0 0
107 106 7 25 20 0 0.4 0.2 0.5 0.6 65 1 0 0
108 109 3 25 10 0 0.4 0.2 0.3 0.6 65 1 0 0
109 110 3 25 10 0 0.4 0.2 0.3 0.6 65 1 0 0
110 111 3 78 10 0 0.3 0.2 0.3 0.1 170 2 1 1
111 80 1 78 10 0 0.3 0.2 0.3 0.1 170 2 1 1
112 113 3 78 10 0 0.3 0.2 0.3 0.1 170 2 1 1
113 114 3 89 10 0 0.2 0.2 0.3 0.1 170 3 1 1
114 115 3 89 10 0 0.2 0.2 0.3 0.1 170 3 1 1
115 116 3 89 10 0 0.2 0.2 0.3 0.1 170 3 1 1
116 117 3 89 10 0 0.2 0.2 0.3 0.1 170 3 1 1
117 154 4 89 10 0 0.2 0.2 0.3 0.1 170 3 1 1
118 154 5 89 2 0 0.2 0.2 0.5 0.1 170 3 1 1
119 118 7 69 2 0 0.2 0.2 0.1 0.1 170 3 1 1
120 121 3 89 2 0 0.2 0.2 0.1 0.1 170 3 1 1
121 157 5 85 2 0 0.3 0.2 0.1 0.1 170 3 1 1
122 123 3 85 2 0 0.3 0.2 0.1 0.1 170 3 1 1
123 159 5 85 2 0 0.3 0.2 0.1 0.1 170 3 1 1
124 160 5 85 2 0 0.3 0.2 0.1 0.1 170 3 1 1
125 161 5 85 2 0 0.3 0.2 0.1 0.1 170 3 1 1
126 162 5 65 2 0 0.3 0.2 0.1 0.1 170 3 1 1
127 128 3 85 2 0 0.3 0.2 0.1 0.1 170 3 1 1
128 129 3 85 2 0 0.3 0.2 0.1 0.1 170 3 1 1
129 130 3 25 2 0 0.3 0.2 0.1 0.6 65 3 0 0
130 166 5 25 2 0 0.4 0.2 0.1 0.6 65 1 0 0
131 167 5 25 2 0 0.4 0.2 0.1 0.6 65 1 0 0
132 168 5 25 2 0 0.4 0.2 0.1 0.6 65 1 0 0
133 169 5 25 2 0 0.4 0.2 1 0.6 65 1 0 0
134 170 5 25 2 0 0.4 0.2 1 0.6 65 1 0 0
135 99 1 25 40 0 0.4 0.2 1 0.6 65 1 0 0
136 101 2 25 40 0 0.4 0.2 1 0.6 65 1 0 0
137 138 3 25 40 0 0.4 0.2 1 0.6 65 1 0 0
138 139 3 25 40 0 0.4 0.2 1 0.6 65 1 0 0
139 140 3 25 30 0 0.4 0.2 0.8 0.6 65 1 0 0
140 104 1 25 30 0 0.4 0.2 0.8 0.6 65 1 0 0
141 142 3 25 40 0 0.4 0.2 1 0.6 65 1 0 0
142 106 1 25 45 0 0.4 0.2 1 0.6 65 1 0 0
143 144 3 25 45 0 0.4 0.2 1 0.6 65 1 0 0
144 145 3 25 45 0 0.4 0.2 1 0.6 65 1 0 0
145 179 5 25 30 0 0.4 0.2 0.8 0.6 65 1 0 0
146 147 3 25 30 0 0.4 0.2 0.8 0.6 65 1 0 0
147 111 1 77 20 0 0.2 0.2 0.5 0.6 65 0 0
148 182 5 25 20 0 0.4 0.2 0.5 0.6 65 1 0 0
149 183 5 25 20 0 0.4 0.2 0.5 0.6 65 1 0 0
150 184 5 25 20 0 0.4 0.2 0.5 0.6 65 1 0 0
151 185 5 89 20 0 0.2 0.2 0.5 0.1 170 3 1 0
152 186 5 89 10 0 0.2 0.2 0.3 0.1 170 3 1 1
153 187 5 85 20 0 0.3 0.2 0.5 0.1 170 3 1 1
154 155 3 85 2 0 0.3 0.2 0.1 0.1 170 3 1 1
155 156 3 85 2 0 0.3 0.2 0.1 0.1 170 3 1 1
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156 157 3 85 2 0 0.3 0.2 0.1 0.1 170 3 1 1
157 158 3 85 2 0 0.3 0.2 0.1 0.1 170 3 1 1
158 159 3 85 2 0 0.3 0.2 0.1 0.1 170 3 1 1
159 160 3 85 2 0 0.3 0.2 0.1 0.1 170 3 1 1
160 161 3 85 2 0 0.3 0.2 0.1 0.1 170 3 1 1
161 162 3 85 2 0 0.3 0.2 0.1 0.1 170 3 1 1
162 163 3 85 2 0 0.3 0.2 0.1 0.1 170 3 1 1
163 127 1 85 2 0 0.3 0.2 0.1 0.1 170 3 1 1
164 128 1 85 2 0 0.3 0.2 0.1 0.1 170 3 1 1
165 166 3 85 2 0 0.3 0.2 0.1 0.1 170 3 1 1
166 198 4 67 2 0 0.4 0.2 0.1 0.1 170 1 1 1
167 198 5 67 2 0 0.4 0.2 0.1 0.1 170 1 1 1
168 199 5 67 2 0 0.4 0.2 0.1 0.1 170 1 1 1
169 200 5 67 2 0 0.4 0.2 0.1 0.1 170 1 1 1
170 201 5 25 2 0 0.4 0.2 1 0.6 65 1 0 0
171 202 5 25 2 0 0.4 0.2 1 0.6 65 1 0 0
172 139 2 25 40 0 0.4 0.2 1 0.6 65 1 0 0
173 139 1 25 40 0 0.4 0.2 1 0.6 65 1 0 0
174 175 3 25 40 0 0.4 0.2 1 0.6 65 1 0 0
175 141 1 25 40 0 0.4 0.2 1 0.6 65 1 0 0
176 177 3 25 45 0 0.4 0.2 1 0.6 65 1 0 0
177 143 1 25 45 0 0.4 0.2 1 0.6 65 1 0 0
178 179 3 25 30 0 0.4 0.2 0.8 0.6 65 1 0 0
179 180 3 77 30 0 0.2 0.2 0.8 0.6 65 3 0 0
180 211 5 77 30 0 0.2 0.2 0.8 0.6 65 3 0 0
181 182 3 89 30 0 0.2 0.2 0.3 0.1 170 3 1 1
182 213 5 89 10 0 0.2 0.2 0.3 0.1 170 3 1 1
183 184 3 89 2 0 0.2 0.2 0.1 0.1 170 3 1 1
184 185 3 89 2 0 0.2 0.2 0.1 0.1 170 3 1 1
185 186 3 89 2 0 0.2 0.2 0.1 0.1 170 3 1 1
186 187 3 78 2 0 0.3 0.2 0.1 0.1 170 2 1 1
187 188 3 78 2 0 0.3 0.2 0.1 0.1 170 2 1 1
188 189 3 79 2 0 0.3 0.2 0.1 0 170 2 1 1
189 155 1 78 2 0 0.3 0.2 0.1 0.1 170 2 1 1
190 191 3 78 2 0 0.3 0.2 0.1 0.1 170 2 1 1
191 157 1 78 2 0 0.3 0.2 0.1 0.1 170 2 1 1
192 158 1 78 2 0 0.3 0.2 0.1 0.1 170 2 1 1
193 159 1 78 2 0 0.3 0.2 0.1 0.1 170 2 1 1
194 160 1 78 2 0 0.3 0.2 0.1 0.1 170 2 1 1
195 162 2 78 2 0 0.3 0.2 0.1 0.1 170 2 1 1
196 162 1 78 2 0 0.3 0.2 0.1 0.1 170 2 1 1
197 198 3 67 2 0 0.4 0.2 0.1 0.1 170 1 1 1
198 199 3 67 2 0 0.4 0.2 0.1 0.1 170 1 1 1
199 200 3 25 2 0 0.4 0.2 0.1 0.6 65 1 0 0
200 227 5 25 2 0 0.4 0.2 0.1 0.6 65 1 0 0
201 202 3 25 2 0 0.4 0.2 0.1 0.6 65 1 0 0
202 203 3 25 2 0 0.4 0.2 1 0.6 65 1 0 0
203 230 5 25 2 0 0.4 0.2 1 0.6 65 1 0 0
204 205 3 25 40 0 0.4 0.2 1 0.6 65 1 0 0
205 232 5 25 40 0 0.4 0.2 1 0.6 65 1 0 0
206 207 3 25 40 0 0.4 0.2 1 0.6 65 1 0 0
207 208 3 25 45 0 0.4 0.2 1 0.6 65 1 0 0
208 235 5 25 45 0 0.4 0.2 1 0.6 65 1 0 0
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
143
209 210 3 25 30 0 0.4 0.2 0.5 0.6 65 1 0 0
210 211 3 25 30 0 0.4 0.2 0.3 0.6 65 1 0 0
211 239 4 77 30 0 0.2 0.2 0.3 0.6 65 3 0 0
212 240 4 77 30 0 0.2 0.2 0.3 0.6 65 3 0 0
213 214 3 89 30 0 0.2 0.2 0.3 0.1 170 3 1 1
214 215 3 67 30 0 0.4 0.2 0.3 0.1 170 1 1 1
215 184 1 67 30 0 0.4 0.2 0.3 0.1 170 1 1 1
216 217 3 67 10 0 0.4 0.2 0.3 0.1 170 1 1 1
217 218 3 67 10 0 0.4 0.2 0.3 0.1 170 1 1 1
218 188 2 67 10 0 0.4 0.2 0.3 0.1 170 1 1 1
219 220 3 67 10 0 0.4 0.2 0.3 0.1 170 1 1 1
220 189 1 67 10 0 0.4 0.2 0.3 0.1 170 1 1 1
221 190 1 67 10 0 0.4 0.2 0.3 0.1 170 1 1 1
222 191 1 67 10 0 0.4 0.2 0.3 0.1 170 1 1 1
223 224 3 67 10 0 0.4 0.2 0.1 0.1 170 1 1 1
224 193 1 25 10 0 0.4 0.2 0.1 0.6 65 1 0 0
225 226 3 67 10 0 0.4 0.2 0.1 0.1 170 1 1 1
226 195 1 25 10 0 0.4 0.2 0.1 0.6 65 1 0 0
227 228 3 25 2 0 0.4 0.2 0.1 0.6 65 1 0 0
228 254 5 72 2 0 0.4 0.2 0.1 0 65 1 0 0
229 230 3 72 2 0 0.4 0.2 0.1 0 65 1 0 0
230 231 3 25 2 0 0.4 0.2 1 0.6 65 1 0 0
231 300 3 25 2 0 0.4 0.2 1 0.6 65 1 0 0
232 233 3 25 40 0 0.4 0.2 1 0.6 65 1 0 0
233 256 5 25 40 0 0.4 0.2 1 0.6 65 1 0 0
234 235 3 25 40 0 0.4 0.2 1 0.6 65 1 0 0
235 258 5 25 40 0 0.4 0.2 1 0.6 65 1 0 0
236 237 3 25 40 0 0.4 0.2 0.5 0.6 65 1 0 0
237 238 3 77 40 0 0.2 0.2 0.5 0.6 65 0 0
238 211 1 77 40 0 0.2 0.2 0.5 0.6 65 0 0
239 240 3 25 40 0 0.4 0.2 0.5 0.6 65 1 0 0
240 241 3 25 40 0 0.4 0.2 0.5 0.6 65 1 0 0
241 214 1 78 30 0 0.3 0.2 0.3 0.1 170 2 1 1
242 265 5 55 30 0 0.3 0.2 0.5 0.6 65 2 0 0
243 217 2 55 30 0 0.3 0.2 0.5 0.6 65 2 0 0
244 243 7 67 30 0 0.4 0.2 0.3 0.1 170 1 1 1
245 246 3 25 30 0 0.4 0.2 0.3 0.6 65 1 0 0
246 219 1 25 30 0 0.4 0.2 0.3 0.6 65 1 0 0
247 220 1 25 30 0 0.4 0.2 0.3 0.6 65 1 0 0
248 221 1 25 30 0 0.4 0.2 0.3 0.6 65 1 0 0
249 250 3 25 30 0 0.4 0.2 0.3 0.6 65 1 0 0
250 223 1 25 30 0 0.4 0.2 0.1 0.6 65 1 0 0
251 225 2 25 2 0 0.4 0.2 0.1 0.6 65 1 0 0
252 226 2 67 2 0 0.4 0.2 0.1 0.1 170 1 1 1
253 226 1 67 2 0 0.4 0.2 0.1 0.1 170 1 1 1
254 255 3 25 2 0 0.4 0.2 0.8 0.6 65 1 0 0
255 229 1 25 2 0 0.4 0.2 0.8 0.6 65 1 0 0
256 257 3 25 40 0 0.4 0.2 0.8 0.6 65 1 0 0
257 258 3 25 40 0 0.4 0.2 1 0.6 65 1 0 0
258 259 3 25 40 0 0.4 0.2 1 0.6 65 1 0 0
259 260 3 25 40 0 0.4 0.2 1 0.6 65 1 0 0
260 237 1 77 40 0 0.2 0.2 1 0.6 65 3 0 0
261 238 1 77 40 0 0.2 0.2 1 0.6 65 3 0 0
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262 239 1 77 30 0 0.2 0.2 0.8 0.6 65 3 0 0
263 240 1 77 20 0 0.2 0.2 0.5 0.6 65 3 0 0
264 265 3 78 20 0 0.3 0.2 0.5 0.1 170 2 1 1
265 266 3 25 40 0 0.4 0.2 1 0.6 65 1 0 0
266 243 1 25 30 0 0.4 0.2 0.8 0.6 65 1 0 0
267 268 3 25 30 0 0.4 0.2 0.8 0.6 65 1 0 0
268 245 1 77 30 0 0.4 0.2 0.8 0.6 65 3 0 0
269 270 3 25 45 0 0.4 0.2 1 0.6 65 1 0 0
270 247 1 25 45 0 0.4 0.2 1 0.6 65 1 0 0
271 259 1 25 40 0 0.4 0.2 1 0.6 65 1 0 0
272 260 1 25 40 0 0.4 0.2 0.8 0.6 65 1 0 0
273 263 1 25 30 0 0.4 0.2 0.8 0.6 65 1 0 0
274 264 1 25 30 0 0.4 0.2 0.8 0.6 65 1 0 0
275 266 2 55 30 0 0.3 0.2 0.8 0.6 65 2 0 0
276 275 7 55 20 0 0.3 0.2 0.5 0.6 65 2 0 0
277 276 7 55 20 0 0.3 0.2 0.5 0.6 65 2 0 0
278 277 7 25 20 0 0.4 0.2 1 0.6 65 1 0 0
279 274 1 25 40 0 0.4 0.2 1 0.6 65 1 0 0
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Appendix 11: Regression analysis of depth of rainstorm events versus nitrogen 
concentration in the Belize river.
40 7.3!






20.4| 4! i '
21.2! 5|
I Regression Output:
Constant ! i 2.062501
Std Err of Y Est i 1.107293 I
R Squared! I 0.936131
No. of Observations ! 9 II





Std Err of Coef. 0.01322 ........... !
i
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Appendix 12: Calculations for nitrogen concentration in runoff.
Hydraulic volume = 25,000m x 200m x 5m = 2.5 x 107 m3 
Subwatershed Area = 1.56 x 10s m2
23/11/97 
Distributed CN:
Initial Mass = 2.5 x 107 m3 x 4.2 mg/L x L/0.001 m3 = 1.05 x 10" mg
Final Mass = [0.04 m (1.56 x 10® m2)+2.5 x 107 m3] 7.3 mg/L x L/.001 = 2.28 x 10" mg
Mass in runoff= Final mass - Initial mass = 1.23 x 10" mg
Concentration = Mass/runoff volume= 1.23 x 10" mg / 2.14 x 106 m3 = 57500.9 mg/m3 
Concentration = 57500.9 mg/m3 x O.OOlmVL = 57.5 mg/L nitrate 
Nitrogen concentration = 14/62 x 57.5 = 13 mg/L
Composite CN:
Concentration = Mass/runoff volume= 1.23 x 10" mg / 2.02 x 106 m3 = 60891mg/m3 
Concentration = 60891 mg/m3 x O.OOlmVL = 60.9 mg/L nitrate 
Nitrogen concentration = 14/62 x 60.9 =13.7 mg/L
Hydrologic Response:
Concentration = Mass/runoff volume= 1.23 x 10" mg / 1.81 x 106 m3 = 67955.8 mg/m3 
Concentration = 67955.8 mg/m3 x O.OOlmVL = 68 mg/L nitrate 
Nitrogen concentration = 14/62 x 68 = 15.3 mg/L
24/11/97 
Distributed CN:
Initial Mass = 2.5 x 107 m3 x 7.3 mg/L x L/0.001 m3 = 1.83 x 10" mg
Final Mass = [0.0659 m(1.56 x 10® m2)+2.5 x 107 m3] 9.6 mg/L x L/.001 = 3.39 x 10" mg
Mass in runoff = Final mass - Initial mass = 1.56 x 10" mg
Concentration = Mass/runoff volume= 1.56 x 10" mg / 5.11 x 106 m3 = 30468 mg/m3 
Concentration = 30468 mg/m3 x O.OOlmVL = 30.5 mg/L nitrate 
Nitrogen concentration = 14/62 x 30.5 = 6.9 mg/L
Composite CN:
Concentration = Mass/runoff volume= 1.56 x 10" mg / 4.99 x 106 m3 = 31262.5 mg/m3 
Concentration = 31262.5 mg/m3 x O.OOlmVL = 31.3 mg/L nitrate 
Nitrogen concentration = 14/62 x 31.3 = 7 mg/L
Hydrologic Response:
Concentration = Mass/runoff volume= 1.56 x 10" mg / 2.98 x 106 m3 = 52349 mg/m3 
Concentration = 52349 mg/m3 x O.OOlmVL = 52.3 mg/L nitrate 
Nitrogen concentration = 14/62 x 52.3 = 11.8 mg/L




Initial Mass = 2.5 x 107 m3 x 4.2 mg/L x 170.001 m3 = 1.05 x 10" mg
Final Mass = [0.02 m (1.56 x 10® m2) +2.5 x 107 m3] 4.4 mg/L x L/.001 = 1.10 x 10" mg
Mass in runoffs Final mass - Initial mass = 5.0 x 109 mg
Concentration = Mass/runoff volume— 5.0 x 109 mg / 4.75 x 10s m3 = 10526.3 mg/m3 
Concentration = 10526.3 mg/m3 x 0.001m3/L = 10.5 mg/L nitrate 
Nitrogen concentration = 14/62 x 10.5 = 2.4 mg/L
Composite CN:
Concentration = Mass/runoff volume= 5.0 x 109 mg / 3.12 x 10s m3 = 16025.6 mg/m3 
Concentration = 16025.6 mg/m3 x O.OOlmVL = 16 mg/L nitrate 
Nitrogen concentration = 14/62 x 16 = 3.6 mg/L
Hydrologic Response:
Concentration = Mass/runoff volume= 5.0 x 109 mg / 9.05 x 10s m3 = 5524.9 mg/m3 
Concentration = 5524.9 mg/m3 x O.OOlmVL = 5.5 mg/L nitrate 
Nitrogen concentration = 14/62 x 5.5 = 1.2 mg/L
12/12/97 
Distributed CN:
Initial Mass = 2.5 x 107 m3 x 4 mg/L x L/0.001 m3 = 1.0 x 10" mg
Final Mass = [0.102 m (1.56 x 10® m2)+2.5 x 107 m3]15.7 mg/L x L/.001 = 6.42 x 10" mg
Mass in runoff = Final mass - Initial mass = 5.42 x 10" mg
Concentration = Mass/runoff volume= 5.42 x 10" mg / 9.95 x 106 m3 = 54504.4 mg/m3 
Concentration = 54504.4 mg/m3 x 0.001m3/L = 54.5 mg/L nitrate 
Nitrogen concentration = 14/62 x 43.89 = 12.3 mg/L
Composite CN:
Concentration = Mass/runoff volume= 5.42 x 10" mg / 9.83 x 106 m3 = 55137.3 mg/m3 
Concentration = 55137.3 mg/m3 x O.OOlmVL = 55.1 mg/L nitrate 
Nitrogen concentration = 14/62 x 55.1 = 12.5 mg/L
Hydrologic Response:
Concentration = Mass/runoff volume= 5.42 x 10" mg / 4.62 x 106 m3 = 117316 mg/m3 
Concentration = 117316 mg/m3 x O.OOlmVL = 117.3 mg/L nitrate 
Nitrogen concentration = 14/62 x 117.3 = 26.5 mg/L




Initial Mass = 2.5 x 107 m3 x 4 mg/L x L/O.OOl m3 = 1.0 x 10“ mg
Final Mass = [0.047 m (1.56 x 10® m2) + 2.5 x 107 m3] 10.8 mg/L x L/.001 = 2.7 x 10"
mg Mass in runoff = Final mass - Initial mass = 1.7 x 10" mg
Concentration = Mass/runoff volume= 1.7 x 10" mg / 2.89 x 106 m3 = 58826 mg/m3
Concentration = 58826 mg/m3 x 0.001m3/L = 58.8 mg/L nitrate
Nitrogen concentration = 14/62 x 58.8 = 13.3 mg/L
Composite CN:
Concentration = Mass/runoff volume= 1.7 x 10" mg / 2.81 x 106 m3 = 60498.2 mg/m3 
Concentration = 60498.2 mg/m3 x O.OOlmVL = 60.5 mg/L nitrate 
Nitrogen concentration = 14/62 x 60.5 = 13.7 mg/L
Hydrologic Response:
Concentration = Mass/runoff volume= 1.7 x 10" mg / 2.12 x 106 m3 = 80188.7 mg/m3 
Concentration = 80188.7 mg/m3 x O.OOlmVL = 80.2 mg/L nitrate 
Nitrogen concentration = 14/62 x 80.2 = 18.1 mg/L
2S/6/98
Distributed CN:
Initial Mass = 2.5 x 107 m3 x 4 mg/L x L/0.001 m3 = 1.0 x 10" mg
Final Mass = [0.0055 m (1.56 x 10® m2) + 2.5 x 107 m3] 15 mg/L x L/.001 = 3.88 x 10"
mg Mass in runoff = Final mass - Initial mass = 2.88 x 10" mg
Concentration = Mass/runoff volume= 2.88 x 10" mg /none
Composite CN:
Concentration = Mass/runoff volume= 2.88 x 10" mg /4.68 x 104 
Concentration = 6151068 mg/m3 x O.OOlmVL = 6151 mg/L nitrate 
Nitrogen concentration = 14/62 x 6151 = 1389 mg/L
Hydrologic Response:
Concentration = Mass/runoff volume= 2.88 x 10" mg /2.5 x 105= 1152000 
Concentration = 1152000 mg/m3 x O.OOlmVL = 1152 mg/L nitrate 
Nitrogen concentration = 14/62 x 1152 = 260 mg/L
28/6/98
Distributed CN:
Initial Mass = 2.5 x 107 m3 x 4 mg/L x L/0.001 m3 = 1.0 x 10'1 mg
Final Mass = [0.0041 m (1.56 x 10® m2)+2.5 x 107 m3] 11 mg/L x L/.001 = 2.82 x 10" mg
Mass in runoff = Final mass - Initial mass = 1.82 x 10" mg
Concentration = Mass/runoff volume= 1.82 x 10" mg / none
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Composite CN:
Concentration = Mass/runoff volume= 1.82 x 10" mg / 9.36 x 104 m3 = 1944825 mg/m3 
Concentration = 1944825 mg/m3 x 0.001m3/L = 1945 mg/L nitrate 
Nitrogen concentration = 14/62 x 1945 = 439 mg/L
Hydrologic Rersponse:
Concentration = Mass/runoff volume= 1.82 x 10" mg / 1.87 x 10s m3 = 973262 mg/m3 
Concentration = 973262 mg/m3 x 0.001m3/L = 973.3 mg/L nitrate 
Nitrogen concentration = 14/62 x 973.3 = 219.8 mg/L
1/7/98
Distributed CN:
Initial Mass = 2.5 x 107 m3 x 4 mg/L x L/0.001 m3 = 1.0 x 10*1 mg
Final Mass = [0.0121 m (1.56 x 10® m2)+2.5 x 107 m3] 7 mg/L x L/.001 = 1.88 x 10u mg
Mass in runoff = Final mass - Initial mass = 8.82 x 1010 mg
Concentration = Mass/runoff volume= 8.82 x 10'° mg / 1.19 x 10s m3 = 741287 mg/m3 
Concentration = 741287 mg/m3 x O.OOlmVL = 741 mg/L nitrate 
Nitrogen concentration = 14/62 x 741 = 167 mg/L
Composite CN:
Concentration = Mass/runoff volume= 8.82 x 1010 mg / 3.12 x 104 m3 = 2826923 mg/m3 
Concentration = 2826923 mg/m3 x 0.001m3/L = 2827 mg/L nitrate 
Nitrogen concentration = 14/62 x 2827 = 638 mg/L
Hydrologic CN:
Concentration = Mass/runoff volume= 8.82 x 10'° mg / 8.46 x 105 m3 = 104255 mg/m3 
Concentration = 104255 mg/m3 x O.OOlmVL = 104 mg/L nitrate 
Nitrogen concentration = 14/62 x 104 = 23.5 mg/L
24/7/98
Distributed CN:
Initial Mass = 2.5 x 107 m3 x 4 mg/L x L/0.001 m3 = 1.0 x 10" mg
Final Mass = [0.0166 m (1.56 x 10® m2)+2.5 x 107 m3] 4 mg/L x L/.001 = 1.10 x 10" mg
Mass in runoff = Final mass - Initial mass = 1.04 x 10'° mg
Concentration = Mass/runoff volume= 1.04 x 1010 mg / 2.77 x 10s m3 = 37395 mg/m3
Concentration = 37395 mg/m3 x O.OOlmVL = 37.4 mg/L nitrate
Nitrogen concentration = 14/62 x 37.4 = 8.4 mg/L
Composite CN:
Concentration = Mass/runoff volume= 1.04 x 10'° mg / 7.80 x 104 m3 = 133333 mg/m3 
Concentration = 133333 mg/m3 x O.OOlmVL = 133 mg/L nitrate 
Nitrogen concentration = 14/62 x 37.4 = 30.1 mg/L
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
150
Hydrologic CN:
Concentration = Mass/runoff volume= 1.04 x 10'° mg / 7.49 x 105 m3 = 13885 mg/m3 
Concentration = 13885 mg/m3 x O.OOlmVL = 13.9 mg/L nitrate 
Nitrogen concentration = 14/62 x 13.9 = 3.1 mg/L
26/7/98
Distributed CN:
Initial Mass = 2.5 x 107 m3 x 4 mg/L x L/0.001 m3 = 1.0 x 10" mg
Final Mass = [0.0204 m (1.56 x 10* m2)+2.5 x 107 m3] 4 mg/L x L/.001 = 1.00 x 1011 mg
Mass in runoff= Final mass - Initial mass = 3.18 x 106 mg
Concentration = Mass/runoff volume= 3.18 x 106 mg / 5.15 x 105 m3 = 6.17 mg/m3
Concentration = 6.17 mg/m3 x 0.001m3/L = .006 mg/L nitrate
Nitrogen concentration = 14/62 x .006 = 0.001 mg/L
Composite CN:
Concentration = Mass/runoff volume= 3.18 x 106 mg / 3.59 x 10s m3 = 8.86 mg/m3 
Concentration » 8.86 mg'm3 x 0.001m3/L = .009 mg/L nitrate 
Nitrogen concentration = 14/62 x .006 = 0.002 mg/L
Hydrologic CN:
Concentration = Mass/runoff volume= 3.18 x 106 mg / 9.20 x 105 m3 = 3.46 mg/m3 
Concentration = 3.46 mg/m3 x 0.001m3/L = .003 mg/L nitrate 
Nitrogen concentration = 14/62 x .003 = 0.0008 mg/L
27/7/98
Distributed CN:
Initial Mass = 2.5 x 107 m3 x 4 mg/L x L/0.001 m3 = 1.0 x 1011 mg
Final Mass = [0.0212 m (1.56 x 10® m2)+2.5 x 107 m3] 5 mg/L x L/.001 = 1.42 x 10" mg
Mass in runoff = Final mass - Initial mass = 4.15 x 10'° mg
Concentration = Mass/runoff volume- 4.15 x 10'° mg / 5.55 x 10s m3 = 74839.6 mg/m3 
Concentration = 74839.6 mg/m3 x 0.001m3/L = 74.8 mg/L nitrate 
Nitrogen concentration = 14/62 x 74.8 = 16.9 mg/L
Composite CN:
Concentration = Mass/runoff volume= 4.15 x 1010 mg / 4.68 x 104 m3 = 886752 mg/m3 
Concentration = 886752 mg/m3 x 0.001m3/L = 886.8 mg/L nitrate 
Nitrogen concentration = 14/62 x 886.8 = 200 mg/L
Hydrologic CN:
Concentration = Mass/runoff volume= 4.15 x 10'° mg / 9.52 x 105 m3 = 43592 mg/m3 
Concentration = 43592 mg/m3 x 0.001m3/L = 43.6 mg/L nitrate 
Nitrogen concentration = 14/62 x 43.6 = 9.8 mg/L




Initial Mass = 2.5 x 107 m3 x 4 mg/L x L/O.OOl m3 = 1.0 x 10u mg
Final Mass = [0.0096 m (1.56 x 10* m2)+2.5 x 107 m3] 10 mg/L x L/.001 = 2.65 x 10" mg
Mass in runoff = Final mass - Initial mass = 1.65 x 10" mg
Concentration = M ass/runoff volume= 1.65 x 10" mg / 7.92 x 104 m3 = 2083030 mg/m3 
Concentration = 2083030 mg/m3 x O.OOlmVL = 2083 mg/L nitrate 
Nitrogen concentration = 14/62 x 2083 = 470 mg/L
Composite CN:
Concentration = Mass/runoff volume= 1.65 x 10“ mg / 1.58 x 103 m3 = 1.04 x 10* mg/m3 
Concentration = 1.04 x 10* mg/m3 x O.OOlmVL = 1.04 x 10s mg/L nitrate 
Nitrogen concentration = 14/62 x 1.04 x 10s = 23581 mg/L
Hydrologic CN:
Concentration = Mass/runoff volume= 1.65 x 10" mg / 4.34 x 10s m3 = 380184 mg/m3 
Concentration = 380184 mg/m3 x O.OOlmVL = 380 mg/L nitrate 
Nitrogen concentration = 14/62 x 380 = 85.8 mg/L
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Appendix 13: AGNPS prediction of runoff, peak runoff rate, sediment and soluble 











Soluble N in 
runoff (ppm)
1.57 46.3 1478.05 0.54 16.19 3.68
2.59 134.6 3434.97 1.29 47.84 2.54
0.79 10.71 353.77 0.12 2.73 8.17
4.02 343.58 6526.44 2.51 115.52 2.03
1.85 65.70 1979.48 0.73 23.31 3.20
0.22 0 0 0 0 0
0.16 0 0 0 0 0
0.48 3.70 106.83 0.03 0.60 17.78
0.65 7.07 221.11 0.07 1.54 11.01
0.80 11 364.35 0.13 2.83 8.03
0.83 11.9 396.85 0.14 3.16 7.62
0.37 2.13 73.61 0.02 0.22 0.00
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Appendix 14: AGNPS field work sheet.
WATERSHED NAME ____________________
FIELD ASSESSMENT DATE ____________________
surface condition constant, SCS runoff curve number
Determine the predominant land use condition for the cell:
Fallow □
Row crop: straight row □, contoured □
Small grain □
Legumes or rotation meadow □
Pasture: poor □ , fair □ , good □
Permanent meadow □
Woodland □




Animal lot: paved □, unpaved □
Determine the soil group:
Group A □
Low runoff potential, transmission rate greater than 0.76 cm/hr. Sand or gravelly soil 
Group B □
Moderate infiltration rate, transmission rate between 0.38 and 0.76 cm/hr. Silt-loam soil 
Group C □
Low infiltration rate, transmission rate between 0.13 and 0.38 cm/hr. Sandy-clay-loam 
Group D □
High runoff potential, transmission rate between 0 and 0.13 cm/hr. Clay soil
slope, slope length, slope shape factor, channel slope, channel side slope 
Slope_______________________________________________________
CLASS % SLOPE SLOPE DESCRIPTION
A 0 -2 level
B 2 -6 gently sloping
C 6 -1 2 sloping
D 12-20 moderately steep
E 20-30 steep
F 30s very steep
Slope length: determine the average length of the slopes
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Slope shape factor: 1 = uniform, 2= convex, 3= concave 
Channel slope: estimated in percent as half the land slope, water=0 
Channel sideslope:estimated as 10%. Water=0
SITE DESCRIPTION n
Excavated or dredged channels Ordinary concrete 0.013
Earth, straight, uniform, and clean 0.022
Earth, straight, uniform, and clean with 
short grass or weeds
0.027
Earth, winding, and sluggish with no 
vegetation
0.025
Earth, winding, and sluggish with some 
grass or weeds
0.030
Channels not maintained, weeds and 
some bush
0.080
Natural streams Clean, straight, no rifts or deep pools 0.030
Clean, winding, some pools and shoals 0.040
Clean, winding, some weeds, stones, 
and pools
0.048
Sluggish reaches with weeds and deep 
pools
0.070
Smooth bare soil Less than 1 inch deep 0.30
1-2 inches deep 0.033
2-4 inches deep 0.038
4-6 inches deep 0.045












Cover and cover density of 
small grain
Poor 7 inch rows 0.13
Poor 14 inch rows 0.13
Good 7 inch rows 0.300
Good 14 inch rows 0.200
Water and Marsh 0
soil erodibility factor (K)
Determine using a nomograph
SOIL PARAMETER PERCENT
Silt plus fine sand
Sand
Organic matter
Soil structure:very fine granular, fine 
granular, medium or coarse granular, block, 
platy or massive
Permeability: very slow, slow, slow to 
medium, moderate, moderate to rapid, rapid
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cover and management (C factor):









None no appreciable canopy
Tall weeds- 
short bush
canopy average drop 
fall height 1.7 ft
Bush canopy average drop 
fall height 6.5 ft








support and practice (P - factor)
Determined by practices such as contour tillage, and terrace systems aimed at slowing
runoff water and consequently its erosivity. Urban = , water = 0























LEVEL DESCRIPTION lb/acre of N lb/acre P MODEL
INPUT
None no fertilizer used 0 0 0
Low average manure application 50 20 1
Medium heavy manure application 100 40 2
High use of inorganic fertilizers 200 80 3
fertilizer availability factor
The percentage of fertilizer left in the top half inch of soil.
TILLAGE PRACTICE FERTILIZER AVAILABILITY 
FACTOR (%)
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gully source level
Estimate of gully erosion.
Chemical oxygen demand 
COD factor based on land use
LAND USE COD FACTOR (mg/L)
Row crops 170
Small grain 80








Zero indicates no terrace any other number indicate number of impoundments in the 
terrace system. Data needed are; area in acres draining into each impoundment and the 
diameter in inches of the outlet pipe.
channel indicator
Single number indicating the presence of a defined channel.
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Appendix 15: Agricultural Survey
Watershed identification: ( cell numbers)
Name of proprietor:
Area:
la) List of crops cultivated and acres under cultivation for each crop. What is the 
approximate annual yields for each crop? What is method of cultivation.(Mechanized or
Crops Acre Yield Method Crops Acre Yield Method
Id) Animal type and numbers?
3) Irrigation practices.
4) Site data:
-color of soil 
-erosion potential
-soil chemistry: pH, N and P concentration.
-topography
-vegetation
-ponding or streams (area/diameter): excavated or dredged, natural streams
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S) Agrochemical use.
Pesticide Quantity Used Timing Method Application
Fertilizer Quantity Used Timing Method Application
6) Recommendations.
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Appendix 16: Regression analysis of nitrogen concentration in runoff based on three 
different methods of runoff estimation.
IPS Distri-CN Comp-CN Hydro-resp Rain (mm)
3.68 8.45 8.9 9.9 40
2.54 4.5 4.6 7.7 65.9
8.17 1.6 2.3 0.78 20
2.03 8 8.1 17.2 102
32 8.6 8.9 11.8 47
17.78 108.6 414.7 15.3 12.1
11.01 5.5 19.6 2 16.6
8.03 0.0007 0.001 0.005 20.4
7.62 11 130 6.4 21.2
Regression Output:
Constant
Std Err o f Y Est
R Squared
No. o f Observations
Degrees of Freedom







Std Err o f Coef.
5.182044
1.660819







Std Err of Coef. 6.124757
Regression Output:
Constant
Std Err of Y Est
R Squared
No. o f Observations
Degrees o f Freedom
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Std Err o f Coef. 0.462303
Regression Output:
Constant
Std Err o f Y Est
R Squared
No. o f Observations
Degrees o f Freedom







Std Err of Coef. 0.379289
Regression Output:
Constant
Std Err o f Y Est
RSquared
No. o f Observations
Degrees o f Freedom







Std Err of Coef. 0.059057
Regression Output:
Constant
Std Err of Y Est
R Squared
No. o f Observations
Degrees o f Freedom







Std Err o f Coef. 0.015609
Regression Output:
Constant
Std Err of Y Est
R Squared
No. o f Observations
Degrees o f Freedom
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Appendix 17a: Pesticides used by the citrus growers of Belize.
Pesticide Type Class Application (g/mz)
Benlate Insecticide Carbamate 0.168
Aliette Insecticide Organophosphate 0.336
Lorsban Insecticide Chloro-organophosphate 0.351
Malathion Insecticide Organophosphate -
Sevin Insecticide Carbamate -
Volaton Insecticide Organophosphate 1.68
Ethion Insecticide Organophosphate 0.409
Diazinon Insecticide Organophosphate 3.7
Kelthane Insecticide Organochlorine 0.234
Aldicarb Insecticide Carbamate 3.7
Tamaron Insecticide Organophosphate -
Mirex Insecticide Organochlorine -
Gramoxone Herbicide Bipyridinyl 0.234
Roundup Herbicide Glyphosate -
Solicam80 Herbicide Chloro-fluoro pyridizinone 0.56
Diuron Herbicide Urea derivative 0.224
Gesapax Herbicide Triazine 0.41
Diquat Herbicide Bipyridinyl -
2,4-D Herbicide Phenoxy -
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Appendix 17b: Timing, target pest and method of pesticide application.
Pesticide Pest Controlled Tuning Method
Benlate Scab When needed Spray
Aliette Phytophtora, Gumosis When needed Paint trunk
Lorsban Aphids, Scale insects When needed Broadcast
Malathion Crikets, Medfly, Bugs June-February Spray
Sevin Grasshoppers, Red Ants When needed Spray
Volaton Ants When needed Broadcast
Ethion Scale insects. Mites When needed Spray
Diazinon Ants. Roach When needed Spray
Kelthane Rust Mites When needed Spray
Aldicarb Nematodes. Aphids Every 6 months Broadcast
Tamar on Ants, Aphids When needed Spray
Mirex Ants When needed Broadcast
Gramoxone Perennial broadleaf 3x annually Spray
Roundup Grass weeds 3x annually Spray
Solicam80 Annual grasses Every 3 months Spray
Diuron Annual broadleaf weeds When needed Spray
Gesapax Annual grasses When needed Spray
Diquat Vines and grasses When needed Spray
2,4-D Broadleaf weeds When needed Spray
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Appendix 18: Calculations used in the annualization procedure for AGNPS.
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Rain Runoff (m3) Nitrogen (kg) Sediment (kg)
(mm) Dry Wet Dry Wet Dry Wet
100 5.51 x 106 1.29 x 107 165.3 387 2.80 x 105 4.01 x 105
90 4.48 x 106 1.14 x 107 134.4 342 2.28 x 10s 3.39 x 10s
80 3.57 x 106 9.87 x 106 107.1 296.1 1.83 x 10s 2.83 x 105
70 2.69 x 106 8.36 x 106 53.8 250.8 1.41 x 105 2.30 x 10s
60 1.90 x 106 6.85 x 106 38 205.5 1.04 x 10s 1.81 x 10s
50 1.23 x 106 5.43 x 106 24.6 162.9 7.12 x 104 1.37 x 105
40 7.13 x 10s 3.96 x 106 14.3 118.8 4.28 x 104 9.54 x 104
30 3.17 x 10s 2.62 x 106 3.17 78.6 1.92 x 104 5.92 x 104
20 1.58 x 10s 1.39 x 106 0 55.6 1.71 x 103 2.96 x 104
















































Total N  = { [N]Cooccurrence in dry 
season) + [N](%occurrence in wet 
season) x (total number o f storms)}. 
Sample calculation for 100 mm storm: 
Total N = {[(165.3 x 0.57) + (387 x 
0.43)] 7
Total N = [94.2 + 166.4]7 
Total N = 1,824.3
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